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19 6 6 BRISTOL BAY RED SALMON ('Oncorhynchus nerka) ESCAPEMENT GOALS - - - -- ---. ,.-- --- 

INTRODUCTION 

This  r e p o r t  i s  t h e  f i r s t  i n  a  s e r i e s  of annual r e p o r t s  designed 
t o  p resen t  t h e  B r i s t o l  Bay r e d  salmon escapement goa l s  a s  e s t a b l i s h e d  by t h e  
Division of Commercial F i s h e r i e s  of t h e  Alaslca Department of F i sh  and Game. 
The following par-kicipated i n  t h e  prepara t ion  of t h i s  r epor t :  Kenneth R. 
Middleton, Michael L. Nelson, Steven Pennoyer, Frank J. Ossiander and Melvin 
C. Se ibe l .  M r .  S e i b e l  e d i t e d  and assembled t h e  f i n a l  r e p o r t ,  

To manage a  salmon run f o r  maximum sus ta ined  y i e l d ,  a c e r t a i n  
p o r t i o n  of each yea rT  s r e d  salmon r e t u r n  must be allowed t o  pass '  through 
t h e  commercial f i s h e r y  and reach t h e  spawning grounds t o  provide f o r  r e tu rn -  
i n g  runs i n  f u t u r e  years .  A s  t h e  managing agency f o r  t h e  Bris-Lo1 Bay r e d  
salmon stoc'lcs, t h e  Alaska Department of F ish  and Game is  respons ib le  f o r  
in su r ing  t h a t  a  proper percentage of each year ' s  run is allowed -Lo spawn. 
What s i z e  of escapement c o n s t i t u t e s  a  "proper" percentage of t h e  run w i l l  
depend on s e v e r a l  f a c t o r s .  

A.) Determination of Optinum Spawning Popi-11ations 

One of t h e  mos iT il;lpor-.tant concepts i n  modern management of salmon 
stoclts i s  t h a t  of "optimum cscagemenk'', Optimum escapement may be defined 
a s  t h a t  number of spawning f i s h  ~vhicll p r o d ~ c e s  t h e  maximum sus ta ined  y i e l d  
( i .e .  ca tch) ,  Increas ing  " ie  s i z e  of tile spat~riing populat ion beyond a  c e r t a i n  
po in t  w i l l  no t  necessa r i ly  inc rease  t h e  s i z e  02 -the y i e l d  o r  even t h e  s i z e  
of t h e  t o t a l  r e t u r n ,  Figure 1 shows or,e t h e o r c r i c a l  production curve i n  
which t h e  product ion o r  ye turn  i s  expressed a s  a func t ion  of escapement. 
The replacement l i n e  r ep resen t s  t h e  l e v e l  of production r equ i red  f o r  a  run 
of salmon t o  reproduce i t s e l f ,  For a given l e v e l  of escapement, t h e  
d i f f e rence  between t h e  a c t u a l  production curve and t h e  replacement curve 
r ep resen t s  t h e  a l lo~aab le  commercial catch i f  t h e  populat ion i s  -20 be main- 
t a i n e d  a t  t h a t  l e v e l ,  For t h e  l e v e l ( s )  or' escapement a t  which t h e  a c t u a l  
production curve and t h e  replacement l i n e  i n t e r s e c t ,  t h e  e n t i r e  r e t u r n  must 
be allowed t o  spawn i f  t h e  populat ion i s  t o  be maintained a t  t h a t  l e v e l .  It 
i s  poss ib le  that t h e  t r u e  production curve f a l l s  below t h e  replacement l i n e .  
I n  t h i s  case (genera l ly  occurr ing a t  extremely low o r  h igh  escapement l e v e l s ) ,  
t h e  spawning populat ion does not  rep lace  o r  reproduce i t s e l f .  

The curve can be divided i n t o  two parTs; t h e  first p a r t  ( t o  t h e  
l e f t  of t h e  peal<) i n d i c a t i n g  i n c r e a s d  production with increased  escapement 
and t h e  second p a r t  ( t o  t h e  r i g h t  of t h e  pealc) i n d i c a t i n g  decreased product ion 
with increased  escapement. The limiica-tion on production i s  imposed by 
l i m i t a t i o n s  i n  eco log ica l  f a c t o r s  such as  spawning a reas ,  r e a r i n g  a reas ,  food, 
e t c .  t h a t  r e s t r i c t  t h e  number of salmon a system can support.  

It i s  apparent t h a t  f o r  a  populat ion exh ib i t ing  t h i s  type of 
reproduct ion,  t h e  optimum escapement w i l l  f a l l  somewhere i n  thb  f i r s t  p a r t  
of t h e  curve. Furthermore, t h e  optimum escapement i a i l l  not be -?hat escape- 



Figme 1, TEIEOXETXCAL PRODUCTION CURVE SIiOtzJING SOClCI?: PRQ!.'Y@CSON 
AS A FUNCTION IIF EA.REN'I' SPAWNERS 



ment which prodvices maxi%-m r e t u x  as r e l z t i v e l y  l a r g e  inc reases  i n  escape- 
ment near ,  and t o  t h e  _ l e f t  of che peak of the curve may r e s u l t  i n  r e l a t i v e l y  
small  i nc reases  i n  p r o d ~ c t i o n .  Fate t h ~ t  iY the po r t ion  of t h e  curve l y i n g  
t o  t h e  l e f t  of t h e  peak r i s e s  sharp ly ,  then only s l i g h t  decreases i n  t h e  
escapement (below t h e  optinunz escapement l eve l )  may r e s u l t  i n  d r a s t i c  de- 
c reases  i n  t h e  r e tu rn ,  For systems exh ib i t ing  t h i s  type of procluction t r end ,  

a  s a f e t y  f a c t o r  i s  necessary. This s a f e t y  f a c t o r  c o n s i s t s  of an escapement 
goa l  s l i g h t l y  h igher  than  t h e  ind ica ted  optimum escapemen-t avith t h e  a d d i t i o n a l  
inc rease  i n  t h e  escapement goa l  depending on 1.) t h e  amount of v a r i a b i l i t y  
i n  r e t u r n  experienced i n  t h e  p a s t  a s  a  r e s u l t  of n a t u r a l  and h igh  s e a s  f i s h i n g  
m o r t a l i t i e s ,  and 2.) t h e  amount of v a r i a b i l i t y  experienced i n  managing t h e  
inshore f i s h e r y  Lo ob ta in  t h e  des i r ed  escapement. The r i s k  ( i n  terms of 
reduced commercial catch) i s  much g r e a t e r  f o r  an over-f i s h e d  populat ion than  
Eor an under-fished population. 

Optimum escapenent does not necessa r i ly  imply a  s i n g l e  escapement 
s i z e  which w i l l  apply t o  every year under a l l  condi t ions.  The optimum 
escapement fo r  a  given stoclc inay very we l l  change with changing eco log ica l  
condi t ions.  Populations exhibiting c y c l i c  dominance may requ i re  g r e a t e r  
escapements during t he  dominant year (s) than  Toy t h e  subdominan L years ,  
whereas production da ta  from populat ions having relatively cons i s t en t  pro- 
duct ion may i n d i c a t e  a  s i n g l e  optimum escapement s i z e .  

I n  t h e  fo l lowrin~ r e p o r t ,  it i s  t o  be -understood t h a t  re" ~ e r e n c e s  
made t o  optimwn escapement f o r  a griven system are  based only on p resen t  
ava i l ab le  da ta  and a r e  not intended -to provide f i n a l  answers. 11s new da ta  
i s  added t o  our present  incormat ion ,  new and poss ib ly  d i f  f eren-'c product ion  
t r ends  may develop? which i n d i c a t e  optimum escayements diffepen-2 from those  
given i n  t h i s  r epor t .  This i s  e s p e c i a l l y  t r u e  fo;. -those sys-Lens f o r  which 
only l i m i t e d  proGuc-tion data i s  ava i iab lc .  

B.) S i ze  of t h e  Predic ted  Return anil Requirements of t h e  Commercial Fishery 

Escapemen-t goa l s  f o r  a  given year cannot be e s t a b l i s h e d ~ u n t i l  a  
p r e d i c t i o n  of t h e  re- turning run has  been made. There a r e  two reasons f o r  
t h i s .  F i r s t ,  althougli p a s t  production da ta  may i n d i c a t e  an op-kimum escape- 
ment f o r  a  given s-toclc, t h e  des i r ed  escapement goals  must be s e t  r e l a t i v e  t o  
t h e  salmon ava i l ab le  in a  given year. I n  some years  t h e  en-tire r e t u r n  may 
not  equal  t h e  ind ica ted  optimum escapement. Second, except i n  very extreme 
cases  i n  which a s todc  i s  i n  danger of reaching t o o  low a  l e v e l ,  t h e  commer- 
c i a l  f i s h e r y  cannot be closed e n t i r e l y  o r  r e s t r i c t e d  t o o  severe ly ,  i .e .  a  
c e r t a i n  po r t ion  of t h e  r e t u r n  must be allowed t o  be talcen commercially f o r  
t h e  economic welfare  of t h e  fisherman and t h e  salmon indus t ry ,  

.~. 
C.) Past  Trends of Escapements t o  a Given System 

A t h i r d  aspec t  t h a t  must be talcen i n t o  cons idera t ion  \ ,hen e s t a b l i s h -  
i n g  escapement goa l s  f o r  a  given r i v e r  i s  t h e  t r e n d  of recent  spawning popula- 
t i o n s  t o  t h a t  system. This i s  e s p e c i a l l y  important f o r  those systems f o r  
which no d e f i n i t e  product ion curve has  been de-termined. Al-thoug11 f i n a l  
r e t u r n  da ta  w i l l  not be compl-ete f o r  t h e  most recent  brood yeal_:s, i f  escape- 
ments have been excess ive ly  1 . o ~  (and/o.- decreasing) , t h e  management philosophy 
would be t o  inc rezse  t h e  escapements t o  these  systems. Therefoye, f o r  systems 



which have been experiencing a recent  si$-nii'icr:xli: dec l ine  i n  spawning 
populat ions,  t h e  pori-ion o f  a r e t u r n  allowed :or commercial ha rves t  must 
be decreased, t hus  increas ing  t h e  nlllnber of salmon allo~uecl t o  reach t h e  
spawning a r e  as.  

The b a s i s  f o r  e s t a b l i s h i n g  escapement goa l s  i s ,  t h e r e r o r e ,  a 
combination of conservation and economic cons idera t ions ,  with t h e  conserva- 
t i o n  of t h e  salmon s t o c l ~ s  being t h e  primary cons idera t ion  f o r  t h e  management 
b io log i s t .  

The B r i s t o l  Bay sockeye f i s h e r y  c o n s i s t s  of f i v e  commercial f i s h i n g  
d i s t r i c t s  (c f .  rlppendix) and t e n  major spawning a reas  ( c f ,  Figure 2) . 
Counting towers loca ted  i n  t h e  c l e a r  water po r t ion  of t h e  r i v e r s  provide 
es t imates  of t h e  escapements t o  each of t h e  major r i v e r s ,  Escapement t o  
a number of a n o r  spawning a reas  which do not have counting too~er s  must be 
es t imated  on t h e  b a s i s  of a e r i a l  and ground surveys of t h e  spawning grounds. 

I n  t h e  Tollowing r e p o r t ,  f o r  each major r i v e r  system, the 1966 
p red ic t ed  r e t u r n ,  t h e  des i r ed  escapement goal  and t h e  corresponding escape- 
ment range a r e  given, The escapexent range i s  given f o r  two reasons: 

A.) I n s u f f i c i e n t  Control Over Escaperrlent a s  a Resul t  of Insu fc i c i en t  Daea 

Although t h e  Alaslca Department of Fish and Game has  t h e  au thor i ty  
t o  i s s u e  emergency r-egulations (thereby Limi'i-ing commercial f  isl l ing time) , 
t h i s  a lone does no-t insure  achievement of desirecl escapement goals .  A t  
l e a s t  f o u r  f a c t o r s  add t o  t h e  d i fc"  Licul ty  of r;~anagi~:g a convnercial f i s h e r y  
t o  ob ta in  des i r ed  escapement goals :  

1.) Inadequate Data Regarding Time and Pa t t e rn  of Entry 

Yealy v a r i a t i o n s  i n  t h e  t ime and p a t t e r n  of en t ry  of salmon migrat-  
i n g  i n t o  B r i s t o l  Bay a f f n c t  t h e  accuracy with which t h e  run can be 
proport ioned i n t o  ca tch  and escapement, Although some information 
is  obtained from high seas  sampling and inshore t e s t  f i s h i n g ,  it is  
i n s u f f i c i e n t  to  p r e d i c t  exac t ly  what s tage  t h e  run i s  in .  This  
becomes increas ingly  important when t h e  v m i a b i l i t y  of p r e d i c t i o n  
success i s  considered. 

2.) Lack of Immediate Escapement Data 

Once t h e  salmon have passed through t h e  commercial fisl-zery they  
can be considered a s  escapement. Hotvever, an es t imate  o:fa*-i7he number 
of t h e s e  f i s h  i s  not  ava i l ab le  u n t i l  af-i-er t h e  salmon have passed t h e  
i n s i d e  t e s t  f i s h i n g  (Seibel ,  1965) a reas  ( f o r  t h r e e  of t h e  systems),  
o r  u n t i l  they  have reached the  c l e a r  water sec t ions  of t h e  r i v e r s  where 
they can be est imated by a e r i a l  survey. These es t imates  a r e  not 
ava i l ab le  u n t i l  s e v e r a l  days a f t e y  t h e  f i s h  have passed through t h e  
commercial f i s h e r y ,  during which time more f i s h  a re  movinc i n t o  t h e  
f i s h i n g  a reas  and dec is ions  must be made regarding allotmcn-t of f i s h i n g  
time. F i n a l  enumeration of t h e  escapecent j.s rnade a t  t h e  counting - 
tower. 





3.) Fishing on Mixed Stoclcs 

I n  two oT -the I i s h i n g  d l s t r i c J ~ s ,  v iz ,  t h e  iL'&nelt-ICvicl~alc and t h e  
Nushagak dis- i - r ic ts ,  salmon f r ~ m  se7;7eral dir ' ferent  r i v e r s  e n t e r  t h e  
d i s t r i c t  toge ther  and hence must be f i s h e d  a s  mixed stoclcs, The problem 
encountered he re  i s  accerituatcd when d i f f e r e n t i a l  ha rves t  r a t e s  a r e  
r equ i red  t o  ob ta in  t h e  des i r ed  escapements Tor each of  t h e  systems, 

4.) Increas ing  Eff ic iency  of t h e  Inshore Fishery 

With t h e  increase  i n  gear  and t h e  e f f i c i e n c y  of t h i s  gea r ,  t h e  
ha rves t ing  p o t e n t i a l  of t h e  f i s h i n g  f l e e t  increases  too. I n  1965, 
1.6 m i l l i o n  soclceye were taken i n  t h e  Naltnelc-Kvichalc d i s t r i c t  i n  a  
s i n g l e  12-hour per iod ,  emphasizing t h e  tremendous harves t  p o t e n t i a l  of 
t h e  f i s h i n g  f l e e t  and t h e  consequent d i E f i c u l t y  with which t h e  number 
of salmon t alcen commercially can be cont ro l led .  

B,) V a r i a b i l i t y  of Predic t ions  

The accuracy wit11 whic11 re tu rn ing  r-uns can be p red ic t ed  clepends f i r s t  
on t h e  accuracy with tuhich t h e  abundance of soclceye can be measured a t  some 
e a r l i e r  l i f e  s tage ,  second on t h s  v a r i a b i l i t y  of mor ta l i t i e s (bo th  n a t u r a l  
and high seas  f i sh ing)  a c t i n g  on t h e  soclteye populat ion between -Lhe time a  
measure of abundance is  obtained 'and when they  yeturn t o  B r i s t o l  Bay, and 
t h i r d  on t h e  accuracy ~vi-L-h which t h e  r a t e  02 maJivring ( i , e .  t h e  age a t  which 
t h e  salmon r e t u r n  from tile ocean] can be predic-Led. Since pas-i- p red ic t ions  
have achieved only a Limited degree of success ,  an escapement yanse is  e s t a b l -  
i s h e d  wi th in  which the  escapzmerit goa l  can be adjusted. i f  t h e  a c t u a l  r e t u r n  
v a r i e s  moderately from t h e  p red ic t ed  r e tu rn .  If t h e  r e tu rn ing  run  d i f f e r s  
s u b s t a n t i a l l y  from -the preclic.kcci :ceturn, genera l ly  .the escapemen-L o r  
commercial ca tch  w i l l  vary s u b s t a n t i a l l y  from ; h a t  was anficipa-i-ed. 

Yith t h e  above cons idera t ions  i n  mind, des i r ed  escapement ranges 
a r e  e s t a b l i s h e d  which r e f l e c t  t h e  v a r i a b i l i t y  inherent  i n  t h e  present  day 
management of t h e  commercial f i she ry .  Therefore,  un less  t h e  r e t u r n i n g  run 
i s  s u b s t a n t i a l l y  d i f f e r e n t  from t h e  p red ic t ed  r e t u r n ,  t h e  r e tu rn ing  run  can 
gene ra l ly  be managed i n  such a  manner a s  t o  ob ta in  an escapement wi th in  t h e  
d e s i r e d  escapement range. 

METHODS OF ANALYSIS 

Production from a  given escapement can be expressed i n  terms of 
eggs,  f r y ,  smolt o r  aclults. Re la t ive  product ion from one s t age  t o  another 
w i l l  be dependent on eco log ica l  condi t ions t h a t  r e s u l t  i n  va r i ab le  m o r t a l i t i e s  
a t  t h e s e  d i f f e r e n t  s tages.  The p a r t i c u l a r  s t age  i n  t h e  salmon l i f e  h i s t o r y  
a t  which production i s  measured w i l l  depenri on 1.) t h e  f e a s i b i l i t y  of 
accura te ly  es t imat ing  t h e  abundance of f i s h  a t  t h a t  s t age ,  and 2.)  t h e  degree 
with which dens i ty  dependent m o r t a l i t i e s  afi 'ect  i-hc salmon a f t e r  t h e  s t age  a t  
which the  production has  been measurecl. Prod~ici-ion should be n'easured a t  t h e  
e a r l i e s t  poss ib le  l i f e  s tage  a f t e r  which no (OF Yew) dens i ty  Gependent 



m o r t a l i t i e s  occur t o  minimize t h e  e fFec t  OF va r i ab le  extrapensatory ( i . e .  
dens i ty  independent) m o r t a l i t i e s  on t h e  production t r ends  of -the salmon 
stocks.  E x t r a p e n ~ a t o ~ y  mortali-Lies occurr ing p.=ior t o  t h e  s t a z e  a t  which 
production i s  measured could i n  f a c t  preveri-k ?he accurate  descrip-tion of 
t h e  production t r ends  of t h e  population. 

The f o l l o v ~ i n g  no ta t ion  is used i n  t h e  remainder of t h e  r e p o r t :  

E = spawning populat ion,  i . e .  escapement, 

S = smolts produced, 

R = a d u l t  r e t u r n ,  

S T =  r e l a t i v e  smolt produc-Lion, i .e .  smolts produced pe r  parent  
sp  awner , 

R T =  r e l a t i v e  adu l t  production, i .e .  a d u l t  r e t u r n  p e r  parent  
sp acmer , 

N = sample s i z e ,  

e  = base f o r  n a t u r a l  logari thms,  

In= n a t u r a l  logari thms,  

a ,b  = parameters -to be determine'd, 

Salmon proc~uct ion i n  t h e  B r i s t o l  Bay systems i s  measwed a t  one 
of two s t ages  i n  t h e  l i f e  h i s t o r y ;  e i t h e r  Lhe smolt s t age  o r  t h c  a d u l t  
s tage .  For t h e  puypose of :>athematically d c s c r i l ~ i n g  t h e  x+@proiluc-tion of a 
given sockeye populat ion,  two production equat ions were considered: 

and 

( X f  product ion i s  measured i n  terms of smolc, t hen  R i s  rep laced  by S.) 

Equation (1) i s  t h e  "standard" R id te r  (Riclcer, 1958) production 
curve. Ricker re1er-s t o  recrui tment  ( i .e .  smolt o r  adu l t  re turn)  a t  some 
s t age  " a f t e r  density-dependent mor ta l i ty  ceases". There i s  s u b s t a n t i a l  
evidence t h a t  t h e  major density-clepenilent m o r t a l i t i e s  occur p r i o r  t o  t h e  
smolt s t age ,  o r  a-i- l e a s t  p r i o r  t o  marine l iEe .  I n  t h e i r  s t u d i e s  on t h e  
Adams River soclceye stoclcs , l\idrd ancl Larltin (1 Jard, Larltin, 19 GLI) conclude 
t h a t  " i n  t h e  marine and adu l t  s t ages  t h e  o v e r a l l  e f f e c t  of m o r t a l i t i e s  
seems t o  be independent of populat ion s ize".  In p a r t i c u l a r ,  i-he da ta  from 
t h e  Ndcnek and Ugashilt r i v e r s  i n d i c a t e s  density-clepenCent nor i - a l i t i e s  e i t h e r  
do not  occur i n  t h e  marine cnvironent ,  o r  They a re  ~ v e ~ b a l a n c e d  by t h e  
predominant e x t r a p e ~ s a t o ~ y  m o r t a l i t i e s  . 



Measuring prod~c-Lion i n  t e i - m s  o f  snol.-ts produced r a t h e r  than  
a d u l t s  produced has  t h e  ac!vanLiage of clfrnina-iirig the e f f e c t  of va r i ab le  
e s tua r ine  and ocean m o r t a l i t i e s ,  t h e  var iabl l iLy of proport ioning commercially 
harves ted  (both high seas  and inshore) salmon t o  ind iv idua l  sys-?ems when 
these  salmon have been 'ilarvesteii from mixed S ~ O C ~ ~ S ,  e t c .  

Some c h a r a c t e r i s t i c s  of Eq. (1) i n  terms of salmon production are:  

a.) I f  t h e r e  i s  no escapement, t l lerc  i s  no production, i . e .  t h e  
curve passes  through t h e  o r ig in .  

b.) For very high escapement l e v e l s ,  production decreases 
asymptot ical ly ,  implying t h a t  even very l a r g e  escapements 
w i l l  reproduce t o  some extent .  

c.) Rela t ive  production decreases  continuously a s  escapement 
increases .  

Eq. (2j d i f f e r s  s i g n i f i c a n t l y  Trom Eq, (1) i n  only one r e spec t ,  
viz.  t h e  t h i r d  c h a r a c t e r i s t i c  l i s t e d  above, For Eq, (2) the  poorest  r e l a t i v e  
production (i ,e.  re-kurn o r  srnolt- pe r  spawner) occurs a t  t h e  lotvest escapement 
l e v e l s  with t h e  maximum  elat at fire productio11 occurr ing a t  some in termedia te  
escapement l eve l .  A populntion :ihich repyoduces i n  t h e  manner descr ibed by 
Eq. (1) w i l l  e x h i b i t  maximuin r e l a t i v e  ppoductfon a t  t he  lowest escapement 
l e v e l s ,  

The phenomena described by Eq. ( 2 )  , viz .  a reduced r a t e  of r e l a t i v e  
production ( i ,  e  , depensatory {Neave , 19 53) r n ~ ~ t a l i t i e s  o r  m o r t a l i t i e s  
inve r se ly  p ropor~ t iona l  t o  spawning ciensi-i-y) f o r  t h e  lower spawning d e n s i t i e s  
may be a  r e s u l t  of predat ion ,  competit ion of o the r  spec ies ,  poor spawning 
eEf i c i ency  ( i n a b i l i t y  of salmon t o  become p a i r e d  up on t h e  spawning grounds) , 
o r  a  combination of these  and o-2hep s i m i l a r  f a c t o r s .  This phenomena of 
depensatory mortali-Ly was discussed by Neave (?leave, 1953) i n  h i s  s tudy of 
p i& salmon (0. gorbuscha) populat ions i n  B r i t i s h  Columbia. 

Althougl~ we would expect a l l  t h r e e  types  of mortali-Lies (compensa- 
t o r y ,  depensatory and extrapensatory)  t o  a c t  t o  some degree on ->he popula- 
t i o n s ,  i n  genera l ,  ->he overall. t r e n d  r ep resen t s  one of t h e  t h r e e ,  I n  Eq. (2) , 
depensatory m o r t a l i t i e s  predominate up t o  a c e r t a i n  spawning dens i ty  (viz .  
t h a t  dens i ty  f o r  1,~llich maximum r e l a t i v e  production occurs) ,  then beyond t h a t  
po in t  compensatory m o r t a l i t i e s  predominate. 

Preliminary ana lys i s  of escapement-return and escapement-smolt 
production da ta  ind ica ted  t h a t  i n  genera l ,  Eq. (2) provided a  b e t t e r  f i t  
(based on r e s i d u a l  sum of squares) than d i d  Eq.  (1) . For t h i i '  reason,  Eq.  (2) 
i s  used i n  t h i s  r e p o r t  to descr ibe t h c  production t r ends  of the C r i s t o l  Bay 
s almon, 

To determine t-he parameters a  znc! b i n  Eq. (2) , Eq. ( 2 )  was 
r e w r i t t e n  i n  t h e  form: 



2 which is  l i n e a r  i n  1n  (R/E ) ancl E. 5'.;l;itl rzgl>cssion methods can then be 
appl ied  -Lo determine I n  a and -b and, ilcnce, a azlr! b. 

Although reg ress ion  methads tL7eil.e r~sccl -Lo determine tilt parlameters 
a and b i n  Eq.  (2) , t h e  l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t  r i s  not us  d as  5 a measure of t h e  degree of l i r i e a ~ i t y  between The va r i ab le s  I n  (R/E ) and 
E. I t  i s  very unl i l te ly t h a t  t h e  random va r i ab le s  l n  ( R / E ~ )  and E a r e  
b i v a r i a t e  normal, a requirement t h a t  must be met i f  r i s  t o  represent  an 
"appropriate  est imates '  (SnGdecor, 1950) of t h e  populat ion c o e f f i c i e n t  P. 
Ins tead ,  t h e  c o e f f i c i e n t  of determination rZ i s  given i n  t h e  ins t ances  where 
Eq, (2) i s  used t o  descr ibe  t h e  production of a given stock. 11 u s e f u l  
i n t e r p r e t a t i o n  of o2 i s  t h a t  it rep resen t s  t h e  f r a c t i o n  of t h e  sum of squares 
(of t h e  devia t ions  of I n  (R/E*) from t h e  mean) t h a t  can be a t t r i b u t e d  t o  t h e  
independent va r i ab le  E ,  i . e .  t o  t h e  regression.  Since r2 may talce on values 
between zero and one, values of r2 near  1 i n d i c a t e  a good f i t  of t h e  da ta  
t o  t h e  s t r a i g h t  l i n e .  

It  may be r e a d i l y  shown t h a t  f o r  Eq. (2)  , t h e  escapement which 
produces maximum ca tch  i s  tha? value of E ,  say Eo, f o r  which t h e  s lope  of  
t h e  curve a t  EO is L!SO. Expressing t h i s  mathematically,  we have t h e  
optimum escaper~zent E, is  such t h a t  

A s  i s  t h e  case with Cq. (I), EO cil:lnot be determined d i r e c t l y  by 
a lgebra ic  methods. The usual  ~ ~ p p r o a c h  i s  co approxinate Eo by zrclphically 
determining t h e  po in t  or, Y!ze curve tvhere Lhe s lope i s  4 ~ ~ .  I n  t h e  case 
where smolt proilucrion i s  uscd, 2 s l i g h t l y  diPIe;1~nt approach ~ ~ ~ 1 s t  be used 
and t h i s  method i s  rlesc2ibed i n  t h e  IJood 1ii.i-cr s e c t i o n  where i i -  i s  E i r s t  
used. 

1966 BRISTOL BAY FORECAST 

Table 1 g ives  t h e  f i n a l  f o r e c a s t  by r i v e r  system of r e d  salmon 
r e t u r n i n g  t o  B r i s t o l  Bay i n  1966, The a n t i c i p a t e d  r e t u r n  is  composed of 
48-4% 2-ocean and 51.6% 3-ocean sockeye, 

The fo recas t ed  r e t u r n s  given he re  include any sockeye t h a t  might 
be taken by the high s e a s  f i she ry .  I n  view of t h e  l a c k  of any new r e s t r i c -  
t i o n s  t o  reduce o r  e l iminate  t h e  high s e a s  f i s h e r y ,  t h e  inshore r e t u r n  t o  
each system w i l l  be somewhat less than  the  f o r e c a s t s  given i n  Table I. 
Furthermore, t h i s  reduct ion  i n  inshore r e t u r n  w i l l  be r e f l e c t e d  mainly 
i n  t h e  inshore ha rves t  (summarized i n  Table 15) as t h e  Onshore return 
must be managed t o  ob ta in  t h e  most des i r ab le  escapements. 

Although t h e  fo recas t ed  1966 r e t u r n  w i l l  be s i m i l a r  i n  age 
s t r u c t u r e  t o  the runs of 1957 and 1961, it w i l l  be s l i g h t l y  l a r g e r  i n  
magnitude. The r e t u r n s  of 1957 and 1961 a r e  summarized below: (No, o f  
f i s h  i n  mill ions.)  



Table 1. 1966 Br i s to l  Bay Red Salmon Forecast by River System 
(Number of Fish i n  Thousands) 

- - 

River System 2-ocean Return 3-ocean Return Tota l  Return 

Wood River 1,950 
Igushik River 13  9 
Nuyakuk River 3 7 
Snake River 7 
Nushagak & Mulchatna R. - 2 

Total  Nushagak 2,135 

Togiak River 
2,' 

9 1  
Togialc Tributaries-- - - 
I(ulukak ~ i v e r Z /  - - 
Total  Togiak -- 

Kvichak River 10,622 
Branch River 10 4 
Naltnek River 515 

Tota l  Naknekfivichalc 11 ,241  

Egegik River 1,338 

Ugashrik River 366 

Tota l  B r i s t o l  Bay 16,005 

l/ Data Source: Ossiander, 1966 - 
<. 

2/ Forecasts  based on average t o t a l  r e tu rns  t o  these systems. - 



Percent of Tota l  
Total  Percent Tota l  Harvest Inshore Harvest Taken by 

Year Run 3 -ocezn (Inshore -;- Kinl-i Seas) Harvest High Seas Fishery 

The f a c t  t h a t  a large percentage of the  1966 re turn  w i l l  be 
l a rge  3-ocean f i s h  which tend t o  swing f a r the r  westward before entering 
Br i s to l  Bay (making them more available t o  t h e  high seas fishery) indicates  
t h a t  the  1966 re tu rn  could be ser iously  affected by the  high seas f ishery.  
Unless there  i s  a very subs tan t ia l  reduction i n  e f f o r t ,  t h i s  f i shery  could 
account f o r  a 35-55% reduction i n  the  t o t a l  allowable inshore harvest.  
This decrease i n  po t en t i a l  inshore harvest would be most ser iously  f e l t  
i n  t he  Naknek-Kvichak d i s t r i c t  where 71.7% of the  t o t a l  33.1 mil l ion re turn  
and 78.0% of the  21.6 mil l ion harvest i s  expected. Although the  other 
d i s t r i c t s  would not be expected t o  contribute t o  the high seas harvest  i n  
the  same magnitude as  the  Naknek-Kvichak d i s t r i c t ,  t h e i r  re turns  would be 
reduced proportionately depending on the  percentage of 3-ocean sockeye i n  
t h e i r  returns. 



ESCAPEMENT GOALS BY RIVER SYSTEM 

IXIOD RIVER 

1966 Prediction: 2,416,000 

1966 Escapement Goal: 900,000 

1966 Escapement Range: 700,000-1,100,000 

Smolt s tudies  conducted since 1'351 on the  Wood River system 
have provided an index of abundance of the  yearly smolt outmigrations, 
On the  bas is  of scale  analysis  and length frequency data the  age compo- 
s i t i o n  of the  yearly smolt outmigration has been determined and hence 
the  smolt production by brood year, Table 2 shows brood year escape- 
ment, smolt production and r e l a t i v e  production f o r  the  years 1949-62. 

Equation (23 was f i t t e d  t o  t h e  escapement-smolt data i n  t he  
manner described i n  the Methods of Analysis section. The following 
equation was obtained: 

A coefficient- o f  determination r2 = 0,687 indicates  t h a t  68.7% 
of the  sum of squares of the  deviation of I n  S / E ~  i s  explained by the 
regression. Figures 3 and 4. shot? the produetion and r e l a t i v e  production 
respectively p lo t ted  against  esczpement and the  curves f i t t e d  t o  t h i s  
data. 

To determine the  slope of the  replacement l i n e  when production 
i s  expressed in terms of smolt, the  average marine survival  r a t e  (expressed 
i n  terms of adult  re turn  per smolt (or smolt index) is  calculated, The 
reciprocal  of the  survival  r a t e  i s  then the slope of the  replacement 
l ine .  Note t h a t  Eor a given escapement, the  smolts produced, a s  deter- 
mined by the  replacement l i n e ,  mult ipl ied by t he  average marine survival  
(reciprocal  of the slope of the  replacement l ine )  i s  equal t o  t h a t  given 
escapement. 

The maximum sustained y ie ld  occurs a t  t h a t  l e v e l  of escapement, 
say Eo, f o r  which the  difference between t h e  production curve and replace- 
ment l i n e  i s  maximum. Furthermore, it may be shown t h a t  Eo is  such t h a t  
The slope of the  production curve a t  Eo i s  equal t o  the  slope of t he  
replacement l ine .  A s  mentioned previously, the  value of E d - i s  approxi- 
mated by graphic methods, 

On the  bas is  of an average "7,400 returning adul ts  per  smolt 
index point" survival  r a t e  ( re fe r  t o  Table 31, an optimum escapement of  
approximately 1,100,000 i s  Tndicated. 

Note t h a t  the brood years 1951-511 show s ign i f ican t ly  greater  
r e l a t i v e  production than the following years. If the  escapements f o r  
these years were underestimated and/or the smolt outmigration were over 



estimated, t h i s  would account f o r  these obvious differences. I f  i n  
f a c t  the  years 1951-54 d i d  produce a t  lower l eve l s ,  the optimum escape- 
ment would be somewhat l a rger  than indicated. 

Spawning ground s tudies  (USFWS Manuscript Report on f i l e ,  
1964.)/ have indicated a maximum observed spawning population of 2,844,000 
sockeye f o r  the  Wood River system. This f igure  was obtained by summing 
the  maximum observed spawning populations f o r  a l l  areas i n  the Wood River 
system, The po t en t i a l  spawning area capacity of the  Tdood River system 
has been estimated i n  excess of 30 mill ion spawners, however, the  highly 
variable r a t e  of u t i l i z a t i o n  of spawning grounds i n  d i f ferent  years and 
the  r e l i a b i l i t y  of the  estimates of po t en t i a l  beach spawning area make 
t h i s  estimate un rea l i s t i c  as f a r  as an actual  spawning population i s  con- 
cerned. 

Since 1951, escapements t o  the  Wood River system have averaged 
813,863 with a maximum escapement of 2,209,266 sockeye i n  1959, 

On the basis  of the  estimated spawning ground capacity, observed 
maximum spawning populations and the  indicated optimum escapement of 
1,100,000 spawners, a l imi ted nursery po t en t i a l  i n  t he  Wood River is  
indicated, Figure 5 shows the  length of Age I smolt plotted against 
the number of index points  i n  the  ou-trnigration, Only Age I smolt are 
considered since on the  average the  outmigration consis ts  of 89.3% Age I 
smolt a s  opposed t o  10.736 Age I1 smolt, k sli,ght trend is apparent f o r  
reduced growth with increased s i z e  of outmigrations, However, the  e f fec t  
of changing sockeye dens i t i es  on srriofbsize may be p a r t i a l l y  masked by 
the  e f f ec t  of changing competitor EstickLeback) densi t ies .  The pheno- 
mena o$ in t e r -  and in t ra-specif ic  conpeti-cion i n  the iiood River system 
is  discussed 5y Burgner [Bu~gner , 1962: , 

The 1966 escapement goal of 980,003 i s  s l i g h t l y  l e s s  than t he  
indicated optimum escapement. The re turn  i n  1966 w i l l  r e s u l t  primari ly 
from the  1962 escapement of G74,000 of which 73% was concentrated i n  t w o  
of the  f i v e  Wood River Lakes, Since the  spacvning ground d i s t r ibu t ion  
i n  1966 i s  expected t o  be s imilar  t o  t h a t  of 1962, escapement i n  excess 
of 900,000 could r e s u l t  i n  over-crowding of Lakes Nerka and Beverly. 

Thece is subs tan t ia l  evidence t h a t  the  Nushagak d i s t r i c t  soclc- 
eye h i s t o r i c a l l y  produced a t  a higher l eve l  than a t  present.  Since the  
Wood River stocks represents a l a rge  por t ion o f  the  Nushagak run (60%, 
78% and 67% i n  1965, 1964 and 1963 respectively),  it i s  suspected t h a t  
the  IVood River stocks produced a t  proportionately higher levels .  Figme 
6 shows average yearly commercial catches f o r  5-year periods- from 1896- 
1965, The conunercial catch reached an a l l - t ime  high f o r  the period 1901- 
1905 when a yearly average of 5,836,000 sockeye was harvested. Of the  
fourteen 5-year periods, 6 of the  periods exhibited average yearly conmer- - 
ciall catches i n  excess of 3 mill ion sockeye, The period 1951-55 was the  

- Permission t o  use ins tcr ia i  i.n t h i s  rzport  recei~red From W. Hartman, 
personal conversation, Jcne 2 ,  1966 ,  ..> 



lowest per iod with a yearly average harvest  of 591,0(i0. Second low 
per iod was 1961-65 with a yearly average harvest  of 1,006,000, 

Since the  avai lable  production data i s  f o r  years of apparently 
reduced production l eve l s ,  t he  l e v e l  of optimum escapement may very well  
be under estimated. 

On t he  bas i s  of t he  h i s t o r i c a l l y  higher l e v e l s  of production, 
t h e  'Wood River and other  Nushagak stocks w i l l  be managed so as t o  obtain 
genera l ly  higher l eve l s  of escapement than i n  t h e  pas t  i n  an attempt t o  
r e t u rn  these stocks t o  t h e i r  o r i g ina l  l e v e l s  of production. 

I n  view of the  1966 predic t ion  of 2,416,000 sockeye, the  
escapement goal  of 900,000 represents  a  62.7% allowable harvest.  



Grood 
Year 

i/ 
Table 2 .  ',loot'? River Red Salmon Produc-i-ions data; lQJ-:9-52 

L/ 
Escapement- 

Smol-'i Per  
Spavnc- x10 

1/ Data source: Nelson, 1966 - 
2 /  Escapement i n  thousands. - 
3/ Srnolts produced espressed i n  index poin-Ls. One index poin-t = - 

1,700.34 smol-2 captured i n  index fylce ne'i. Adjusted 2-hour 
index used. 

/ Smolt p e r  spawner expressed i n  smolt index p o i n t s  p e r  thousand - 
spawners. 

*. 

5/ k , i t t e d  a s  ou- i l ie r  on t h e  bas i s  of r e l a t i v e  production. - 



Table 3 . IJood River Red Salmon Smolt Marine survival&', 1954-62. 

Year of 
Outmigration 

Smol'c 
2/ Index- 

Adult 
~ e t u r & /  

PIarine 
4/ Survival- 

Geometric mean survival  = 7.4 

l/ Data sources: a) Nelson, 1966 - 
b) Ossiander, 1966 

2/ One index point  = 1,700.34 smolt captured i n  index fyke net.  - 
Adjusted 2-hour index used. 

3/ Return given i n  t11ousands of f i sh .  - 
Includes estimated high seas catch. 
Includes only 2- and 3-ocean fish. 

4/ Expressed i n  thousands of returning adul ts  per  smolt index - 
point. 



F i y c r e  3 -  Woad. River  R e d  Salmon Escapement - Smolt  Produc t ion  Rehatio~ship, 1949-62 

Escapement i n  Thousands 



F i g u r e  4. Wood River  Red SaL~on Escapement - R e l a t i v e  Prodwctiori K c L a t i o i z s h i p r  19453-62 

Q 52. 

I ,  OUO 1 , 5 0 0  

Escapem.~xlt i n  Thousands 



Figure 5 .  Wood Rives, Age I Smolt Ler~gtfi Versus Number s f  Snlcllt in Outmigration. 

Number of SmolL (Index Points) in Qutmigratioan 
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F i g u r e  6 .  AVERAGE YEARLY COWEWCIAL CATCH QF RED SALMON FOR FIVE-YEAR PERIODS 
NUSPMGAK DISTRICT, 1895-1965 

Five-Year Periods 



IGUSHIK RIVER 

1966 Predic t ion:  553,000 

1966 Escapement Goal: 200,000 

1966 Escapement Range: 150,000-300,000 

Although no smolt da ta  e x i s t s  f o r  t h e  Igushik system, escape- 
ment-return da ta  e x i s t s  f o r  t h e  brood years  1947-60 (Ossiander, 1966). 
The years  1947-51 were omitted from these  ana lys i s  s ince  t h e  high s e a s  
commercial ca tch  da ta  was not  ava i l ab le  f o r  t h e  years  i n  which these  
runs returned.  The brood year 1960 was included s ince  only a small  
a d d i t i o n a l  r e t u r n  of 6-ocean f i s h  i n  1966 i s  expected and t h i s  w i l l  not  
s i g n i f i c a n t l y  change t h e  r e t u r n  from 1960. The escapement, re-kurn and 
r e l a t i v e  product ion da ta  i s  given i n  Table 4. 

Analysis y i e l d s  a c o e f f i c i e n t  of determination r2 = 0.699, 
i n d i c a t i n g  t h a t  69.9% of t h e  sum of squared devia t ion  of I n  ~ R / E ~  i s  
explained by t h e  regress ion ,  Figures 7 and 3 show t h e  r e t u r n  and r e l a t i v e  
product ion r e spec t ive ly  p l o t t e d  aga ins t  t h e  cscapernent, The curves f i t t e d  
t o  t h e  da ta  a r e  a l s o  s h o ~ ~ n .  

The curve 

f i t t e d  t o  t h e  escapement-return da ta  i n d i c a t e s  an optimum escapement of 
approximately 290,000 spawners. Escapements t o  t h e  Igushik system have 
averaged 223,856 sodceye f o r  t h e  years  1951-55. During t h i s  per iod ,  escape- 
ments were s u b s t a n t i a l l y  l a r g e r  than  t h e  ind ica ted  optimum escapements only 
f o u r  t imes, 

On t h e  b a s i s  of t h e  production curve, t h e  ind ica ted  optimum 
escapement would r e s u l t  i n  an average r e t u r n  of approximately 700,000 
soclteye and, hence, an annual commercial y i e l d  of approximately 400,000 
salmon. 

I n  view of t h e  1966 p red ic t ed  r e t u r n  of 553,000 soclceye t o  t h e  
Igushik system, t h e  escapement goa l  of 200,000 rep resen t s  an allowable 
ha rves t  of 63.8%. 

The 1966 escapement goa l  was s e t  somewhat under t h e  ̂ i nd ica ted  
optimum escapement f o r  two reasons. F i r s t ,  i n  view of r ecen t  r e t u r n s  t o  
t h i s  system, t h e  p r e d i c t i o n  of 553,000 may be high. Secondly, -the high 
percentage (74.9'4 of 3-ocean f i s h  may r e s u l t  i n  a l a r g e  propor'iion of 
t h e s e  f i s h  being harves ted  on t h e  high seas .  I f  t h e  r e t u r n  i s  a s  l a r g e  
a s  predic ted ,  an attempt w i l l  be made t o  ob ta in  escapement i n  the range of t h e  
ind ica ted  optimum escapement. 



1/ Table  3. Igushik RiverRcd  Salnon S s c a p ~ m c n t  - Return  Datat-1952-60 
Number o f  F i s h  i n  Thousands 

Brood 
Y e a r  Escapement Re turn  

R e l a t i v e  
Produc t  i o n  

1/ Data  Source:  Oss i ande r ,  1966- - 
2 /  Does n o t  i n c l u d e  t h e  6-year  f i s h  which w i l l  r e t u r n  i n  - - 

1966. 



Figure - 7 ,  IGTJSEIJ.: ?.",TVF"1J XED SALPIOX ESCAPEbTFNT - RETURN DATA 1952-60 

P a r e n t  Escapement in Thousands 



F i g u r e  8. SCUSHIK RIVER RED SAllfplON ESCAPEXENT - RELATIVE PRODUCTION RELATIONSHIP, 1952-60 

Parefix Escapement in Tbsusands 



NUYAKUK RIVER (Tikchik Lakes System) 

1966 Prediction: 241,000 

1966 Escapement Goal: 150,000 

1966 Escapement Range: 100,000-200,000 

Escapement-return data i s  available (Ossiander , 1966) f o r  t he  
Nuyakuk system f o r  the  years 1946-1960. Data f o r  the  brood years 1946-51 
were omitted from t h i s  analysis  since the  high seas commercial catch was 
not available f o r  the  returns from these years. The brood year 1960 was 
used since the  re tu rn  from t h a t  year i s  complete except f o r  a very small 
numher of 6-year f i s h  which w i l l  r e tu rn  i n  1966, The parent escapement, 
r e tu rn  and r e l a t i ve  production f o r  the  brood years 1952-60 i s  given i n  
Table 5. 

Analysis y ie lds  a coeff ic ient  of determination r2 = 0.422 indi-  
ca t ing that 42.2% of the sum of squares of deviations of l n  R / E ~  is  explained 
by the  regression. The following production curve was obtained: 

Figures 9 and 10 show the  re tu rn  and r e l a t i ve  production res-  
pect ively  p lo t t ed  against the  escapement and the  curves f i t t e d  t o  these 
data. The escapement-return curve [Eq . 6) indicates  an optimum escapement 
of approximately 125,000, 

It should be noted t h a t  the  production curve given by Eq. (6) does 
not  closely describe the  production of t he  three  brood years with the  l a rges t  
escapements. A second curve ( the  dashed l i n e  curve] was f i t t e d  by eye t o  
the  data and it appears tk.at t h i s  sketched curve provides some improvrment 
over the  curve given by Eq. (61, Although t h e  freehand curve indicates  a 
s l i g h t l y  higher l e v e l  of production, both curves indicate  approximately 
the  same l e v e l  of optimum escapement. 

The indicated optimum escapement of approximately 125,000 sockeye 
should be viewed as a minimum desired escapement l e v e l  s ince the data on which 
t h i s  analysis  i s  based is from recent  years with r e l a t i ve ly  low l eve l s  of 
production. Data from la rger  escapements (200,000 and above) may very well 
indicate  t h a t  a higher l e v e l  of escapement i s  required f o r  optimum produc- 
t ion ,  

4 .  

On the  bas i s  of t he  1966 predic t ion of 237,000 sockeye t o  t he  
Tiltchrik Lakes system, the  escapement goal  of 150,000 f i s h  represents a 
36.7% allowable harvest.  This r e l a t i ve ly  low harvest r a t e  r e f l e c t s  an 
e f f o r t  by the  Alaska Department of Fish and Game t o  increase t he  l eve l s  
of escapement t o  t h i s  system which h i s t o r i c a l l y  appears t o  have produced 
a t  much higher l eve l s  than i n  recent  years. During the  period 1951-65, 
spawning dens i t i es  ir, the  Tikchilc Lzkes system averaged 332 spawners per 
square kilometer as compared t o  1 ,915  spawners per square kilometer i n  the  
Wood River Lakes, 



From 1952 t o  1360, t he  six low years vrhich averaged escapements 
of 38,000 spawners produced average re tu rn  02 149,000 soclceye, The 
th ree  years of r e l a t i ve ly  high escapements (average of 177,000 spawners) 
resu l ted  i n  average y e a ~ l y  re turns  of 569,000 sockeye. The lover l e v e l  
of escapement yepresents an allowable harvest of 111,030 (74'4 vinile the 
higher l e v e l  of escapement reprzsents an allowabie harvest of 392,000 (69%) , 
The des i r ab i l i t y  of obtaining escapements i n  the range of 125,000-200,000 
spawners i s  apparent, 

The Tikchik Lakes system stocks are not harvested i n  a d i s t r i c t  
separate from the  Nushag& fishing d i s t r i c t  fcf ,  Appendix). This presents 
a management problem of obtaining d i f f e r e n t i a l  harvest  r a t e s  on mixed stocks. 
The Nushagak d i s t r i c t  must be managed primarily f o r  the  predominant Wood 
River stocks w'lich compri-ses 73,9% of t h e  t o t a l  predicted re tu rn  t o  the  
Nushagak system i n  1-966, The desired harvest  r a t e  f o r  the  Idood River run 
is  62.7% as  compared t o  the  37,8% desired harvest  r a t e  on the  Nuyakuk stocks, 
There is, however, some indicat ion t h a t  the Nuyakuk stacks enter  the  Nusha- 
gak d i s t r i c t  s l i g h t l y  e a r l i e r  than the  Wood River stocks. Therefore, 
r e s t r i c t i o n  of f i sh ing  time during the  ea r ly  pa r t  of the season may provide 
t he  addi t ional  protect ion required f o r  the Nuyakuk stoclts, 



1/ 
Table  5.. Nuyakuk River  Red Salmon Escapement - Return  Da t a7  

1952-50,  Number of Fish i n  Thou-sands 

Brood 
Year Escapement 

1/ Data Source:  Oss i ande r ,  1966 - 

Return  

236  

5 87 

80 

77 

388 

19 

46 9 

96 

6 50 

Return  Per  
Spawner 

2/ Return  does  n o t  i n c l u d e  6-year fish which w i l l  r e t u r n  i n  - 
1966. 



Figure 9 , Nuyakuk Rivcr Red Salmonl Escapwnent-Iieti~rn Relationship, 195 2 -  60 . 

ParerztE~scapement in Thousands 



Figure ICi, Nuyakuk  Rlvar Red Salmon Esci-aper~ent-Relative Prod~lct io~? Relationship, 1932-60 ,  
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SNAKE, NUSHAGAK-MULCHLITNA AElID TOGXAX RIVERS 

Only a very l ini teci  amount of data (Ossiander, 1966), both 
from the  standpoint of s e r i e s  of esczpement-return data and d i f fe ren t  
Levels of esctipement, i s  available f o r  the  Snake, Nushagak-Mulchatma 
and Togidc systems, Furthermore, no smolt daTa i s  available f o r  these 
stocks. Therefore, no attempt was made t o  determine production curves 
f o r  these  systems, Instead, average escapements and general l eve l s  of 
production a re  given on which escapement goals are  based. The escapements 
t o  ' these systems fo r  the period 1951-65 are  given i n  Table 6 .  

Snake River 

1966 Prediction: 11,000 

1966 Escapement Goal: 11,000 

Escapements t o  t h i s  system during the  period 1951-65 have 
averaged 19,100 sockeye. During t he  same period, spawning dens i t i es  i n  
t he  Snake River system averaged 222 spawners per square kilometer as 
compared t o  1,915 spawners per square kilometer f o r  the  t?ood River system, 

In  an e f for t  t o  increase the extremely low Snake River run, 
t he  Alaska Department of Fish and Game has r e s t r i c t e d  f i sh ing  i n  the  
Snake River sect ion (Appendix) o f  the Nushagak district since 1961. The 
Snake River sect ion w i l l  be closed again i n  1966 t o  provide maximum pro- 
t e c t i on  f o r  the estimated 12,000 returning socl:eye, Unfortunately, the  
Snake River stocks Eire in tegrated with thn Ifooi, Igushik and Nuyakuk 
stoclcs when they en te r  The Nushagak d i s t r i c t ,  and therefore some Snake 
River f i s h  are  harvested with the  other stocks. The desired escapement 
range fo r  t h i s  system appears t o  be i n  the range of 40,000-80,000 spawners. 

Nushagak -and Mulchatna Rivers 

1966 Prediction: 47,000 

1966 Escapement Goal: 20,000 

1966 Escapement Range: 10,000-30,000 

These stoclcs are  not managed as a separate uni taqas  they 
enter  t he  Nushagak f ishing d i s t r i c t  in tegrated with the  other Nushagak 
stocks. A s  mentioned e a r l i e r ,  the Nushagak d i s t r i c t  must be managed 
primari ly f o r  the  predominant Wood River run. Therefore, i f  the  1966 
runs re tu rn  as  predicted, approximately 29,000 sockeye w i l l  be harvested 
from t he  Nushagak-Mulchatna stocks while the  allowable harvest  (6 2.7%) f o r  
the  ijood River run i s  being obtained. This leaves approximately 18,000 
soclceye f o r  escapement i n t o  the  Nushagak-Mdchatna system. 



Togiak River 

1966 Prediction: 313,000 

19 66 Escapement Goal: 120,000 

1966 Escapement Range: 100,000-180,000 

The Togialc and associated commercial f i sh ing  d i s t r i c t s  a re  
shorn i n  t he  Appendix, 

The Togialc f i she ry  i s  a r e l a t i v e l y  young f i she ry  a s  commer- 
c i a l  f i sh ing  was not begun i n  t h i s  district u n t i l  1954. Although escape- 
ment est imates ( a e r i a l  survey p r i o r  t o  1960) a r e  avai lable  s ince  1951, 
age composition data  f o r  the  ea r ly  years i s  l imi ted ,  and hence only a 
l imi ted  amount of escapement-return data  ex i s t s .  

For t he  years 1957-58, escapements averaging 48,500 spawners 
produced r e tu rn s  averaging 197,000 sockeye, During 1959-60 escapements 
averaging L71,QQO spaxners produced an average r e tu rn  of 334,000 sodceye. 
This  r e f l e c t s  r e l a t i v e  production l eve l s  f o r  the two periods of 4.1 and 
2.0 re turning adu l t s  per spawner respect ively.  Although a b e t t e r  r e l a t i v e  
production is  indica ted  by t h e  lower escapement l eve l ,  assuming t h a t  t he  
population would a t t a i n  s t z b 1 l i t y  at these l eve l s ,  t he  higher escapement 
l e v e l  would r e s u l t  i n  a 10,176 increase i n  commercial catch. Escapements 
t o  t h i s  system have a v e ~ a g ~ d  100,581 spawners f o r  the  per iod 1951-65. On 
t h e  ba s i s  of t h i s  very meager data,  a des i re& escapement range of 100,000 
-180,000 sockeye has heen s e t ,  

I n  view of t he  1966 forecas ted  r e tu rn  of  313,000 sockeye, 
t he  1966 escapement goal of  120,000 represents  a 61,7% allowable harvest .  

Togiak Tr ibu ta r i es  

1966 Prediction: 30,000 

1966 Escapement Goal: 15,000 

1966 Escapement Range: 10,000-20,000 

The Togialc River and Togiak t r i b u t a r i e s  s tocks a re  managed 
a s  a u n i t ,  however, because of t h e  l a rge  predominance of thq Togiak River 
s tocks,  t he  f i s h  bound f o r  t he  t r i b u t a r i e s  are only harveste~d inc iden ta l ly  
t o  t he  Togialc River f i sh .  Therefore, with the  an t i c ipa ted  harves t  r a t e  
of 61.7% f o r  t he  Togiak River run, approximately ha l f  o r  15,000 Togialc 
t r i b u t a r y  f i s h  w i l l  be harvested, 

Kululcak System 

1966 Predict ion:  10,000 

1966 Escapement Goal: 5,000 



1966 Escapement Range: 5,000-10,000 

Estimates of escapements t o  t h i s  system are  available f o r  
the years 1961-65. These escapements have ranged from a low of 5,200 
i n  1961 t o  16,300 sockeye i n  1965. The large escapement i n  1965 probably 
r e f l e c t s  the maximum number of  spawners t h i s  system can adequately handle. 
The escapement t o  t h i s  system very c losely  approximates t h e  total r e tu rn  
a s  a r e s u l t  of a very l imi ted  commercial f i shery  operating on these  stoclts. 
The 1966 predic ted  re tu rn  of 10,000 sockeye and t he  escapement goal  of 
5,000 indicates  a 50% allowable harvest.  



Table 6. Snake, Nusha ak-llulchatna and Togialc River Red Salmon 
Escapements&?, 19 51-6 5 (Number of Fish i n  Thousands) 

Year Snake Nushagak-Mulchatna Togiak 

19 5 1  3.0 - 2/ 51.0 

1952 4.0 15.0 102.0 

19 53 4.0 20.0 102 . O  

19 54 4.0 8.0 57.0 

1955 30.0 5.0 104,O 

19  56 4.0 5.0 225.0 

19  57 3.0 10.0 25.0 

19 53 9.0 5.0 72.0 

19 59 140.0 - 2/ 178.7 

1960 16.6 - 2 /  162.8 

1961 4.9 20-0 95-5 

1962 1.8 3.5 47 .LC 

19 63 38.0 45.7 102.4 

Averages 1 9 , l  17.0 100.6 

1/ Data Sources: a) Alaska Department of Fish and Game, 1965 - 
*. 

b) Pennoyer and Seibel  (Ed.), 1966 

2 1  Data n o t  ava i l ab le .  - 



KVICHAK RIVER 

1966 Prediction: 29,633,000 

19 66 Escapement Goal: 6,000,000 

1966 Escapement Range: 5,000,000-7,000,000 

Introduction 

The escapement goal o f  6,000,000 spawners f o r  the Kvichdc 
River i n  1966 r e f l e c t s  the  current thinking of Alaska Department of 
Fish and Game management and research personnel as t o  the  s teps  necessary 
t o  rebui ld  the  Kvichak cycle t o  i t s  pre-1941 magnitude, The 1965 run t o  
the Kvichak was the l a rges t  on record, However, 19G5 was the  dominank 
cycle year on the  Kvichak and does not necessari ly indicate  t h a t  the  
whole cycle w i l l  be exceptional. Past catch records indicate  t h a t  ear ly  
runs were generally good f o r  th ree  of f i v e  years, and poor f o r  only one. 
This i s  a healthy s t a tu s  f o r  the  run both economically and biologically,  
The t rend since 1940 has been one very good year followed by th ree  or  
four poor ones, Such a f luc tua t ion  i n  run s i ze  i s  an extreme hardship 
on the  industry and hinders the  managing agency i n  securing adequate 
escapements from inadequate 2uns, 

Figures 11 and Tables 7-8 provide baclcground data on the  
Kvichak River such as  catciies , escapements, smolt production and returns.  
Unfortunately, deta i led  records on age con~position are available only 
since 1957. Accurate escapement data and smolt index data i s  available 
since 1955. For t h i s  reason aos t  of the  s t a t i s t i c a l  analysis  of cycle 
mechanics, production and optimum escapement is confined t o  t h e  years 
since 1952. This i s  unfortunate since the  period 1952-63 i s  a typical  
i n  I(vichak h i s to ry ,  

Catch History 

The h i s to ry  of the  Naknek-Kvichak f i shery  p r io r  t o  1955 can 
be expressed only i n  terms of  annual commercial catches which a re  avai l -  
able f o r  aJI  years back t o  1893. Discussion of Kvichak run f luctuat ions  
on the  bas is  of these catches must be general a t  bes t  because of ce r ta in  
inadequacies of t he  data, viz ,  

A. Influence of Naknek and Branch River socke$e runs 
on the  Nalcnek-Kvichak d i s t r i c t  catch, 

E. Extended f i sh ing  area f o r  the  Naltnelc-Kvichak d i s t r i c t  
p r io r  t o  1953 (and consequent harvest  of f i s h  not 
bound f o r  t he  Naknek-Kvichali system), and 

C. Inadequacy of catch as  an indicator  of t o t a l  return.  



Eiren i l~ i th  t k s e  i ia r iab les  Jnf iuerici~lg -the ca tches ,  they  a r e  
t h e  b e s t  information a7.7ailaLle for e a r l y  years  and probably r e f l e c t  major 
abundance changes i n  t h e  Xviclzdc runs. This  i s  born out by t h e  consis-  
tency of t h e  ca tch  p a t t e r n s  a s  i l l 1 i s t r a t ~ 5 .  i n  t h e  fol lowing discussion.  

The Naknek-Kvichak catch h i s t o r y  can be genera l ly  divided i n t o  
f i v e  periods.  

1893-1910: The f i s h e r y  was i n  t h e  developmental s tage ,  Many low ca tches  
with an annual average ca tch  of only 4,237,000. 

1911-1940: High, sus t a ined  production, Average annual ca tch  of 10,326,000, 
Character ized genera l ly  by t h r e e  very good years ,  one f a i r  year 
and one poor year out of f i v e .  It is  doubtful  t h a t  t h e  runs 
were being overharvested during most of t h i s  pe r iod  s ince  t l ~ e  
same gene ra l  l e v e l  of product ion was maintained f o r  30 years ,  
However, t h e  l a s t  cycle  of t h i s  per iod ,  1936-1940, had t h e  
h i g h e s t  average annual ca tch  i n  Kvichak h i s t o r y  - 12,48S,000, 
and t h e  h ighes t  s i n g l e  ca tch  - 20,967,834 i n  1938. This  pro- 
duct ion may have been a t  t h e  expense of ?he escapement a s  i n d i -  
ca t ed  by t h e  catch h i s t o r y  of t h e  following period. 

1941-1951: A s  can be seen i n  Figure 11, p r i o r  t o  1941 t h e  end of each 
f i v e  year cyc le  of abundance was cha rac te r i zed  by a year  of very 
low ca tch  (e.g. 1920, 1925, 1930) and t h e  s t a r t  of t h e  next  cyc le  
was cha rac te r i zed  by a ca tch  of over 8,000,000 (e.g, 1921, 1326, 
1931) . Following t h i s  p a t t e r n ,  1941 should have been a good 
year  followed by one a s  gcoa o r  L e t t e r  i n  1942, another i n  1343, 
a f a i r  year  i n  3944 and a poor year  i n  1945. This  d i d  n o t  happen. 
The ca tch  and es t imated  escapement i n  1941 were very poor, The 
poor ca tch  i n  1942 was Cue n a i n i y  t o  t h e  s m a l l  f i s h i n g  e f f o r t  
during t h i s  war year  and t h e  r-m vJas s t azed  t o  be good, The 
ca tch  i n  1943 was good and t h e  escapement est imated as good. 
The 1944 run was f a i r  and 2945 was very poor both i n  ca tch  and 
escapement, Lilcetuise, i n  t h e  following cycle  t h e  run i n  194G was 
poor, 1947 very good, P348 f a i r ,  1949 poor, and 1950 poor. 

During t h i s  period. 1941-1951 the first year  of -the 
f i v e  year  cycle  v i r t u a l l y  disappeared, The second year  became 
dominant probably p a r t i a l l y  due t o  t h e  g r e a t l y  reduced f i s h i n 2  
e f f o r t  i n  1942. The t h i r d  yea r ' s  run cont r ibuted  t o  good but  
dec l in ing  catches i n  1943 and 1948. 

Throughout t h e  1940's t h e  ca tch  f o r  one o r  two years  
i n  each cyc le  remained i n  pre-1941 abundance. The o v e r a l l  
average dec l ine  was due mainly t o  t h e  d r a s t i c  reduct ion  i n  
abundance of t h e  remaining years  i n  t h e  cycle ,  1n4'the per iod  
1941-1951, t h e  average annual ca tch  decl ined t o  6,484,095 r ed  
s alrnon. 

1952-1963: Lowest production i n  t h e  h i s t o r y  of t h e  f i she ry .  Average 
annual catch of only 4,329,696. This pe r iod  was cha rac te r i zed  
by a f o u r  year  cycle  of abundance with one good year,  one med- 
i o c r e  year ,  and two poor years .  However, even the* peak 
years  were not  as good a s  i n  t h e  1940's. The  cyc le  h i t  



an all-time lo:; ~ a t c h  f r o m  1256-1959 with an average 
annual catch of only 3,29 5,000. 

The chafiges from a f ive-  t o  a four-year cycle of 
abundance i s  one of t he  important cha r ac t e r i s t i c s  of t he  1950's. 
Although it i s n T t  c l e a ~  whether the  Large 1952 run was a r e s u l t  
of t h e  1947 (5-year cycle) brood year o r  t he  1948 (4-year 
cycle) brood year,  t he  1952 run produced mainly &-year f i sh .  

Canadian s tud ies  (Ward, Larlcin, 19 64) and recent  
da ta  on t he  Kvichak (Pennoyer, Seibel ,  1965) have r e l a t e d  
length of s t ay  i n  freshwater t o  growth and growth t o  abun- 
dance (competition f o r  food between t h e  same generat ion and 
following generat ions) ,  It would appear t h a t  t h e  decrease i n  
abundance i n  the  1940 s arid e a r l y  1950 s r e su l t ed  i n  t he  n a j  - 
o r i t y  of  f r y  leaving f r e sh  water a f t e r  one winter ' s  residence 
ins tead  of two as  they formerly had, Since most Kvichdc f i s h  
spend only two winters  i n  t h e  ocean, t h i s  meant: t h a t  they 
would return as four-year fish.  Apparently t he  f i v e  year 
cycle does not  necessar i ly  r e s u l t  i n  abundant runs, r a t h e r  
abundance r e s u l t s  i n  a five year cycle. 

A t  t h i s  po in t  it is appropriate t o  s t a t e  t h a t  t h e  
Japanese high seas f i she ry  f o r  B r i s t o l  Bay red  sa.lmon began 
i n  1952, Tab3.e 8 lists estirnzted Japanese catch of B r i s t o l  
Bay red salmon by year  an6 t h e  estimated proport ion of Ilaknek- 
Kvichak-Branch f i s h  taken from 1955-1965, 

From 1956-1965, the  high seas f i she ry  took an e s t i -  
mated 23.8 mi l l ion  Ndcilek-Kvichak sockeye. Although t he  
addit ion of these  f i sh  t o  t he  inshore harves t  would s t i l l  
leave the averagg annual catch ole11 below the  average catches 
i n  the  1940Ts,  t he  same number of f i s h  added t o  t h e  escape- 
ments t o  these  r i v e r s  might have su3s t an t i a l l y  reversed t h e  
decline. 

A dramatic change occurred i n  run s i ze .  The l a r g e  escape- 
ment (14,630,000) i n  1960 produced only 1,256,000 4.2 f i s h  
i n  1964. However, i n  1965 41,382,926 53 f i s h  returned from 
the  1960 brood year. Most of the  progeny of t he  1960 run 
had he ld  over f o r  a second year i n  the  lalce t o  r e t u rn  a s  5- 
year f i sh .  The Kvichak rever ted  to a five-year cycle and i n  
1965 produced t h e  l a r g e s t  recorded run and second l a rge s t  
catch i n  the  Ndcnek-Kvichak d i s t r i c t  h is tory .  .. 

The Kvichak had been building t o  t h i s  point  s ince 
1952. In  1952 an 'estimated escapement of 5,970,000 f i s h  
reached the  spawning grounds. In  1956 t h i s  number increased 
t o  9,443,000 and i n  1960 t o  14,630,000. The f i v e  year cycle 
was apparently i n i t i a t e d  by the abundance of f r y  from 1960 
causing an addi t ional  year holdover i n  the  lake ,wi th  t he  smolt 
leaving f reshvater  as 3 -year f i s h ,  The 1960 escapement l eve l ,  



therefore ,  produced a s ing le  year i n  a f i v e  year cycle 
t h a t  has a catch equal t o  t h a t  of -the 1930's. Large pro- 
duction as  from th e  s ing le  19350 brood year w i l l  not ,  however, 
produce the  cvc l i c  abundance which ex i s ted  i n  the  per iod 1911- 
YO. The peak cycle years 1952 and 1956 were t he  only s ign i -  
f i c a n t  contribu-tors t o  the  t o t a l  runs of the following cycle. 
Sockeye re turning from the  1952 parent year provided 78% of 
t h e  t o t a l  1956-59 return.  Similarly,  soclceye from the  1956 
parent  year provided 8&% of the  1960-64 re turn .  

Actually then, t h e  huge 1965 run by i t s e l f  does 
not  imply a r e t u rn  t o  previous l eve l s  of abundance. I t  could 
be expected t o  produce a l a rge  run of 53 f i s h  i n  1970 and a 
good run of 63 f i s h  i n  1971., leaving 1972-1974 as poor years. 
The t o t a l  "cycle harvest"  would not reach former abundances 
and t he  economic burden of extremes from year t o  year would 
not be lessened. VJe a re  s t i l l  apparently i n  t h e  same cycle 
pa t t e rn  of a s ing le  dominant year as i n  t h e  1940's and 1350's. 
A11 w e  have done i s  increase  its s i z e  and r e tu rn  t h e  cycle t o  
i t s  f i v e  year period. 

Optimum Escapement 

A s  mentioned before, t he  per iod 1911-it0 was characterized by 
t h r ee  good years, one f a i r  year and one poor year out  of each f i v e  year 
cycle. A s  one good brood year could only be expected t o  r e s u l t  i n  a t  most 
two years of good retusn,  a t  l e a s t  two of the  f i v e  years must have had 
good escapements. Assuming t h a t  a t  Least -two good escapements of a Eive- 
year cycle a r e  necessary 50 maintain peak abundance, the next quest ion is  
how l a rge  should they be? For t h i s  we must l a rge ly  confine t he  discussion 
t o  recent  years (s ince 1952) fo r  which d e t a i l e d  data  or! catch, escapement 
and smolt a re  avai lable.  

Peak (Dominant) year ( s  j 

This term may not  be applicable t o  pre-1941 cycles s ince ,  
s t r i c t l y  speaking, t he r e  was no one peak year. However, t he  present  data 
ind ica tes  t h a t  one year ( the first i n  the  cycle) w i l l  ge t  the  l a r g e s t  
escapement. This i s  t r u e  f o r  t h i s  cycle s ince we already have a 24,325,000 
escapement i n  19 65 i n  the  I(vich&. . 

Production from Kvichak spawning populations may4 be expressed 
i n  terms of smolts o r  adu l t  salmon. In recent  years ,  smolt production 
has been used pr imar i ly  t o  measure the  success of d i f f e r en t  l eve l s  of 
spawning a s  f i n a l  r e tu rns  were avai lable  f o r  only one peak year (1956) 
f o r  which an accurate estimate of escapement was available.  However, t h e  
r e l a t i v e l y  l a rge  discrepancy between forecasted re tu rns  (based on smolt- 
r e t u rn  re la t ionships)  and ac tua l  r e tu rns  i n  recent  years has  r a i s e d  some 
quest ion a s  t o  the  r e l i a b i l i t y  of smolt indices  as ind ica to r s  of t h e  t r u e  
smolt outmigration f o r  the Xvichak River. 



Equation (2) was f i t t e d  t o  both the escapement-smolts pro- 
duced data and the  escapement-return data. To f a c i l i f a t e  analysis ,  the  
smaller escapements ( l e s s  than one million) were grouped and averages 
taken, The following two equarions were obtained: 

and 

Analysis yielded coeff ic ients  of determination of -0,757 
and 0,586 f o r  *he variables I n  S / E ~  and E and I n  kfl2 and E respectively. 
Curves f o r  Equation (7) and (8) a re  sketched i n  Figures 1 2  and 13 res-  
pectively. 

Equation (71 ,  based on smolt data, indicates  optimum escape- 
ment i n  the  range of 3-12 million. A freehand curve slcetchedto f i t  the 
brood years 1956 and 1960 be t t e r  than Eq, ( 7 3 ,  indicates  optimum escape- 
ment i n  t he  same range, but indicates  s l i g h t l y  higher production from 
these escapements. 

Unfortunately, smolt production i s  available f o r  only two peak 
years (1956, 1960) and the production from the  e ight  subdominant smaller 
years adds very l i t t l e  t o  determining the  shape of the  curve, This and 
the  questionable r e l i a b i l i t y  u f  the smolt index as an indicator  of t o t a l  
outmigration indicate  t h a t  optirnu?~ production i n  terms of smolts should 
be viewed with caution. 

Equation (8) , based on escapement-return data, indicates  
t h a t  optimum proiiuction i s  obtained from escapements of 11-12 mil l ion 
spawners, One point  i n  particular should be noticed i n  Figure (13), 
viz. t h a t  t he  points  representing the  years 1952,  1956 and 1960 very 
nearly form a s t r a igh t  l i n e ,  The implication i s  t h a t  escapements i n  
t h i s  range produce equally well,  with no apparent decrease i n  production 
efficiency. In conjunction with t h i s ,  two other fac tors  should be con- 
sidered. 

F i r s t ,  although the  l a rge  peak years do not show any apparent 
decrease i n  production as a r e s u l t  of large  densi t ies  of spawners and con- 
sequent l a rge  dens i t i es  of f r y  i n  the  lake,  the year(s) immediately 
following the  peak year may be affected,  

Secondly, the  ac tua l  re turn  of soclceye t o  th6' Kvichak i n  
1966 may change the  pic ture  given by Figure 13, If the  re tu rn  i s  as  . 

predicted (or l a rge r ) ,  the  p ic tu re  w i l l  remain bas ical ly  the  same. If, 
however, the  63 re tu rn  i s  subs tan t ia l ly  smaller than predicted,  the  14.6 
mil l ion escapement i n  1960 could represent escapement somewhat i n  excess 
of optimum escapement. 

If the  hor izonta l  and v e r t i c a l  scales were idenkical  i n  Figure 
13, a very rapid increase from zero production t o  maximui production over 
a small range (0-11 million) of escapements would be apparent. Thus, 
small decreases i n  escapement l eve l s  [Less than the  optimum escapement) 



r e s u l t  i n  ra ther  d r a s t i c  decrleases i n  p rod~c t ion .  E ,g ,  a  decrease i n  
escapement from 10 t o  7 mii2ion spawIlers r e s u l t s  i n  a decrease of 42 t o  
32 mill ion re turn ,  or  a decrease i n  corilrnercial y i e ld  of 7 million f ish .  
Because of the  va r i ab i l i t y  inherent i n  both production and management, 
and because of t he  very s ign i f ican t  decrease i n  production with decreases 
i n  escapement below 1 2  a i l l i o n  spawners, a safe ty  f ac to r  (dependent on 
v a r i a b i l i t y  of re turn  and success i n  management) should be included i n  
the  escapement goal. Rzclcer (1963) discusses t he  ser ious  consequences 
of overharvesting a population f o r  wnich t h e  maximum r a t e  of exploi ta t ion 
i s  r e l a t i ve ly  large  (75% or  more) a s  i s  the  case with the population 
described above. 

A t  tnis point ,  we should r e f e r  -Lo the  pas t  catch records, 
i n  pa r t i cu l a r  those f o r  the  period 1911-40, Average annual catches are  
given below f o r  several  periods within t he  period 1911-1940: 

Period Average Annual Catch (N/K Dis t r i c t )  

A s  s t a t ed  previousljj, the  l a s t  cyc3-e (1936-40) of t he  period 
1911-40 produced the highesi- anmaal catch (for  any given cycle). The 
12.5 mil l ion average a n n u l  catch f o r  the perlSod 1936-40 represents 26.3% 
and 20.2% increases over the  average annua?_ catches f o r  t he  periods 1911-  
35 and 1911-16 (second highest ;rverzge armual catch) respectively. 

Assuming a stabLe population producing a t  optimum r a t e  (as 
described by t he  curve of Figure 12) an adeitional.. increase of 20% i n  
commercial harvest (and the  corresponding decrease i n  escapement) would 
reduce the  t o t a l  re-Lurn from approximately 45 mil l ion t o  25  mil l ion 
sockeye, In  f a c t ,  a decrease i n  the  1941-45 cycle d id  occur, beginning 
a decline which has l a s t e d  u n t i l  1965. 

A comparison {USFVJS, 1964) of spawning dens i t i es  f o r  soclceye 
systems i n  southwestern Alaska s t a t e s  t h a t  -the highest  average spawning 
density observed f o r  the  period 1955-62 was 8,380 spawners per  square 
kilometer of lake area f o r  Karluk Lake. The 24-3 mil l ion spawners i n  
Lake Illiamna i n  1965 represents a spawning density of 7,364 (12% less )  
sockeye per  square kilometer indicat ing t h a t  even t h i s  seemingly high 
number of  spawners may not be excessive f o r  t he  Kvichalc systgm during a 
dominant year. 

A f i n a l  point  n i g l ~ t  be made regarding the  production curve 
of Figure 13. The three  dominant years, 1952, 1956 and 1960, represent  
peak years of a four-year cycle with only one dornina~t year. Assuming 
t h a t  l acus t r ine  i n t r a -  and in ter- -specif ic  conpet-ition and predation are 
t he  cycl ic  mechanisms, a reduce2 rrate of r e l a t i v e  production-for the  two 
or  th ree  dominant years o f  a Eivz -year  cycle might be expected. This, 
however, does not necessari ly impiy a redwed Cotal production f o r  the  
cycle. 



The d i sc r e2a~cy  betwee-, rhe escapement-smolt and escapement- 
re tu rn  curves may be a t t r inu ted  t o  the 1956 Age I1 smolt index being 
too high, the  1960 smolt index being too low, a d i f f e r e n t i a l  marine 
survival  r a t e  between the  t ~ o  grougs, or  some combination of these 
factors .  The second fact011 i n  par t i cu la r  i s  suspected since the  fore- 
casted re tu rn  (based on smolt-r?tuyn reiatioirship; f o r  1 9  65 w a s  approxi- 
mately 33,000,000 sockeye l e s s  than the  a c t ~ a l  return. 

Assuming 1) -the des i r ab i l i t y  of returning -to the  pre-41 
pa t t e rn  (and level]  of abuildance, and 2) t h a t  Age I1 smolt are a d i r ec t  
e f f ec t  of high level-s of production, then the  production of Age I1 smolt 
(and hence a five-year cycle) can be use$ as an indicator  of reaching 
those l eve l s  of esccipeme~it s~1,lcf; \;ere present 21 t h e  pre-41 era. Avail- 
able data (cf ,  Figure 14.) indicates  t h a t  5056 Age II s m d t  production 
occurs a t  approximately 10,000,000 spawners, I f  inter-generation 
competition e x i s t s  arid we increase following year 's  escapements, the  
percentage of Age I1 srnol-ts produced may inczease a t  a g rea te r  r a t e  with 
escapement s i ze  than a? present,  This t ~ i l l  a lso  vary with environmental 
factors.  A t  any r a t e ,  t h e  ~nlnimu~i f igure  desired f o r  the  peak year 
escapement would be 30,000,OGC spawners, 

Sub-dominant ye- 

To produce Zish in sign.iflcairCly lz rge  numbers i n  any bu-t 
the  f i r s t  t w o  yeaxx of a fi ~e y a p  cycle, adequate escapements must be 
secured f o r  more than m e  yea;> .~n tl.5~ r:yc?;e, ? h e  l e v e l  of production 
possible from the  sub ~dor?-inant;: y.?ars -,15~1 Gepeild on the  present cycle 
mechanisms, 

The I(vic5d;c cyzl-E mecbar.'.sms heve not been completely deter- 
mined, but available ~ v ~ d c n c e  suggests that although a l l  generations 
cannot be increased t o  the  sane l e v e l  of production, it should be possible 
t o  maintain peak production f o r  ttio ar_d possibly three  years of the  f ive-  
year cycle as was a p p ~ r e n t  d ~ r i n g  the  period 1911-40. 

A s  i l l u s t r a t e d  i n  FTgure 14, the  year following the  peak 
year produced the  highest percentages of Age I1 smolt i n  the  cycle, 
indicat ing some e f f ec t  by the  Large peak year escapements, The t h i r d  
and four th  years of the  cycle with small escapements indicate  variable 
percentage production of Age II smolt and apparently ecological and/or 
heredi tary  fac tors  p a r t i a l l y  regulate freshwater age. However, t h i s  
apparent e f f ec t  of peak years on subsequent years should not be construed 
as necessari ly producing s ign i f ican t ly  l a rger  mor ta l i t i e s  i n  the  f o l l o ~ ~ -  
ing brood year stocks, I n  Figure i 5 ,  r e l a t i ve  production ( re turn  per 
spawner) i s  p lo t ted  against escapement, With the  exception of 1955, a l l  
sub-dominant years r e f l e c t  lower r e l a t i ve  production than do the  peak 
years. Iio~iever, it should be noted t h a t  the  sub-dominant year 's  escape- 
ments were a l l  l e s s  than three  mil l ion spawners, i n  f a c t ,  with the 
exception of 1957, the  esczpements were l e s s  than one mil l ion soclceye. 
The curve f i t t e d  t o  t h i s  daza is based on the  assumption th.at severe 
depensatory mortslit-ies c.ct or1 the s n ~ ~ . l l e s t  escapexents, I f  t he  poor 
r e l a t i ve  production of these sma? 1 eccapements were due t o  the  large  



peak yearT s escaperrlents, we  wculd n o t  expect the  pat? ern of three  con- 
secutive years with hfgh prod~ict ion which 2s re f lec red  by the  period 
19 0 . A s  mentrfoned previously, hoL~ever,  the  peak r e l a t i v e  production 
f o r  the pa t te rn  exis t ing In the 1911-40 period may be l e s s  than r e l a t i ve  
production of the  one peak year of a f o ~ r - - y e a r  cycle. 

Although there  i s  some indicat ion t h a t  increasing the  peak 
year p lus  two [the szcond year following the  peak year) r a the r  than t he  

~ l o n  peak year p lus  one would be more productive (due t o  reduced cornpeti"' 
with the  peak year) ,  a t  The p ~ e s e n t  l e v e l  of the  run it i s  unlikely t h a t  
a l a rge  escapement can be secured f o r  t h e  pealc year plus  two (1967), 
whereas a good run i s  expected i n  1966 from which an adequate escapement 
could be obtained. A good escapement i n  1966 may provide a good r e tu rn  
i n  1972 (peak year p lus  two) from which an adequate escapement can be 
obtained, It i s  important- t o  i n i t i a t e  t h i s  t rend  by securing an adequate 
escapement i n  1966. 

In  viaw of 1) the  very rapid  decrease i n  r e l a t i ve  production 
f o r  escapement less  than 6 mill ion and the  good r e l a t i ve  production f o r  
the range of 6-32 mil l ion spzwne-rs, 2) the r e l a t i v e l y  l a rge  t o t a l  pro- 
duction f o r  escapements i n  t he  ravee cf 6-12 mil l ion,  3) t-he importance 
of obtaining a good escapement t3 bui ld  up the sub-dominant years and 4) 
the 1966 predic ted  re tu rn  of 21,632:DOCI sockeye, a minimum 1966 escape- 
ment goal of 6,0ctC,rJ03 spaSi1el.s has been s e t ,  

Although t k  f orecas t ?:-? ret~z'r ,  :o the  Kvichak River i n  1 9  6 6 
i s  21.6 mil l ion sockeye: 6s n e n ~ ~ o n e d  prev;ously, the inshore re tu rn  
could be r e d ~ c e i  subsTmtia l ly  ic view CI-? t he  hi@ seas f ishery.  Should 
the  1966 inshore re tu rn  be ,qcrongsr tP.en anticipated,  the escapement 
goal may be illcreased accordingly a; esc??ements i n  the  range of  6-12 
mil l ion a re  desirable. , 

Suaiasy and Conclusions 

1. It is desirable t o  re tu rn  t o  pre-1941 pa t te rns  of abundance i n  the 
Kvichak system, These were characterized by a five-year cycle with 
three  or four years of high abundance, A t  l e a s t  two good escapements 
during the five-year cycle a re  requlrcd t o  maintain t h i s  pat tern .  

2 .  Analysis o f  data f o r  the period 1952-65 indicates  t h a t  f o r  dominant 
years, escapements near the twelve mil l ion l e v e l  should be secured, 
Because of the  d ra s t i c  reduction i n  t o t a l  re turns  f o r  smaller escape- 
ments, safe ty  fac tors  should be included i n  the  establishment of 
escapement goais. A re tu rn  of 63 sockeye as  predicted i n  1966 might 
r e s u l t  i n  an increase i n  the  indicated optimum escapement f o r  the  
peak year, 

3 .  Data f o r  the  period 1911-40 does not indicate  an extreme e f f ec t  of a 
large peak year on the  Zollowing years. Poor returns from small 
escapements of sub-doninan2 years f o r  the  period 1952-60 appear t o  be 
a r e s u l t  of depensatory n o r t a l i t i e s  oA:her rhan competition with the 
peal< year, A minimurn esc3pement o f  6 mi?-lion spawners i s  recommended 
f o r  the  1966 season, 



Table 7 .  K v i c h l  River Red Salmon Production ~a taL (  1952-62. 
Nuder  of Fish i n  Thousands 

Brood Smolt s Smolt s AduLt Return 
Year Escapement Produced Per Spawner Return , 3 1  Per  Spawner 

1/ Data Sources: a) Pennoyer, LC366 - 
b) Ossiander, 1966 

2J 24-hour index catch of  smolts. This is number of smolts, not index 
points.  

3/ Includes high seas commercial catch, - 
4/ Data not available. - 
5/ Includes predicted 1966 re tu rn  of 63 f i sh ,  - 



Table 8. Nalcnek-Kvichak D i s t r i c t  Red Salmon Returns and Japanese High Seas 
Catches &/, 1956-65 (No. of Fish i n  Thousands) 

Year of  Japanese Catch o Japanese Catch of Naknek-Kvichak Naknek-Kvichak Percent Naknek-Kvichak 
Return B r i s t o l  Bay Red& Halmek-Kvichak Reds Inshore R u n  21 T o t a l  Run i/ Run Taken by Japanese 

1 9  64 1,4[i-4 526 4,65C 5,176 10.2 

19 65 8,005 5,260 44,335 49,595 10.6 
- - - -  - -  - - -  - -  - - - -  ---------- 

1/ Data Source: Ossiander, 1966 - 
1/ Includes immature salmon taken  one year p r i o r  t o  t h e  year ~vilich they would have normally re turned  t o  

B r i s t o l  Bay. 

3/ Includes 2- and 3-ocean fish only. - 



F i g u r e  11 + NIGmZEK-I<fJICS%ZK DISTRICT RED SAUil.:SN CATCH, 183 3-6 5 
(Data From lNPFC Dncunent 444, 1960 and A l a s k a  Department of P i a h  and Game Records] 

Deve4.oprnen-k; Stage Period of Poak Product ion 

Year cf Catch 



Figlire 1 2 Kvich e k  Rives Sal::-~c>n Escapement - Smcslt Product l ,~r ;  ?e la t  i.ol?c-hip, 195 3 --62, 
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Figure .t . Kvfchak Kivc:s Red Sairnc~n Escapement-Retllm Refations h ip ,  1952.- 60. 



F i g  1 .  IXTCBAK R l r  dl? REG SALJ3ON PER CENT PRODUCTIBS OF AGE 14: SMOEET, 1.952-62 
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Figure 1 5 .  Kvichak Pivclr Red Salmon Escapen-nent,-Relatitre Fmducti~n Rc4aticnsFai~, 1952 - 6 9 .  
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NAKNEK RIVER 

1966 Prediction: i,367,3% 

1966 Escapement Goal: 200,000 

1966 Escapement Range: 700,000-l,000,000 

Smolt s tudies  conducted on the  Naltnek system have provided 
estimates of yearly smolt outmigration since 1956. Table 9 gives the  
parent escapement, smolts produced and r e l a t i ve  production f o r  the  brood 
years 19 54-62, 

Analysis y ie lds  a coef f ic ien t  of determination r2 = 0.855 
indicat ing the  85.5% of the  sum of squares of the  deviation of I n  S / E ~  
a r e  explained by the  regression, The following equation was obtained: 

It might be noted t h a t  use of Eq. (3) resu l ted  i n  only a 
s l i g h t  difference regarding the  l e v e l  o f  optimum escapement f o r  t h i s  
system. 

Figures 1 6  an6 1 7  show p r o d ~ c t l o n  and r e l a t i v e  production 
respectively p lo t ted  against  eseanernent acd the curves f i t t e d  t o  t h e  
data. An optimum esczpernent s f  a~p~ox i rna t e ly  one mil l ion spawners i s  
indicated i f  a marine surv5-vzl :c-", 'i'aaLl 10) of 17.9% i s  used. 

The f a c t  -khz't: the  r;larinc sxcvival associated with the  1957 
outmigration was greatzr  than 13$4 '/oCimgf_yiny t h a t  more salmon returned 
from the  ocezn than m i g r a t ~ d  f ~ o m  the  &dcr.?h system) indicates  t h a t  
e i t he r  a) t he  smelt outmigration i n  1957 (smolt i'r om the  brood years 
1954 and 1955) was under-estimated, o r  b) the r e t u ~ n s  t o  the  Nalcnek 
system i n  1959 and 1960 were over-estimated, A combination of these  
f ac to r s  could a l so  have caused rhese contradictory r e su l t s .  A s  can be 
seen from Figure 16, the  two brood years 1954 and 1955 f a l l  below the  
production curve as well as  below the  parent  years with s imi lar  escape- 
ments, Thus, it appears t h a t  (a) above was a t  l e a s t  p a r t i a l l y  the  cause 
of t he  inconsistency re f lec ted  i n  the  marine survival  of the  1957 out- 
migration. Adjusting the  production from the  years 1954 and 1955 i n  such 
a manner t h a t  they would f a l l  i n  l i n e  with other years of s imi lar  escape- 
ment would not have a l a rge  effect on t h e  production curve but would 
tend t o  move the p o i n t  of optimum escapement s l i g h t l y  t o  the. r igh t .  

The indicated optimum escapement of approximately one mil l ion 
spawners compares favorably t o  the  estimated (USFWS , 3-964) spawning 
capacity of 1,340,000 adul ts  (assllining equal sex r a t i o )  f o r  t he  Naknelc 
system. Since 1955, escap~ments -20 t h i s  system have averaged 915,541 
soclceye with t h ~ e e  of the eleven years having escapements i n  excess oC 
one mil l ion f i s h ,  

In  view of the  predic ted  re turn  i n  1966 of 1,867,000 sockeye 
t o  t he  Nalcnelc system, the ;._scapen?en+ goal. of  G00,000 indicates  an allowable 



harvest of 57.2%. A s  seen i n  the Appendix, the Naknek and Kvichak 
stocks are  harvested i n  the Naknek-Kvichak d i s t r i c t ,  however a Naknek 
section has been established t o  allow additional protection or harvest 
on the Maknek stocks. The desired harvest r a t e  of 72.3% on the Kvichdxlc 
run indicates a substantial  d i f ferent ia l  harvest rate between the two 
stodcs. Should the Kvichak inshore run return as predicted, the greater 
harvest r a t e  on the Kvichak stocks may require additional protection fo r  
the Naknek run. 



Table 9. Naknek River Red Salmon Smolt Production Datah'1954-62 
Number of Fish in Thousands 

Brood 
Year Escapement 

799 

278  

1,773 

635 

27 8 

2,232 

828 

351 

Smolts 
Produced 

Smolt Per 
Spawner 

1/ Data Sources: a.) Alaska Department of Fish and Game, 1965 - 
b.) Tables provided by DiCostanzo and 

Jaenicke, Bureau of Commercial Fisheries, 
USFWS, Auke Bay, Alaska 



Table 1 C .  Naknek River Red Salmon Marine Survival-$/ 1956-62 
Number of  F ish  i n  Thousands 

Year of  Number of Adult 
2/ 

P e r  Cent 
Outmigrat ion  Smolt Return- Surv iva l  

1956 6,000 87 0 14.5% 

3/ 1957- 3,040 4,957 163.1 

19 5 8 10,060 2,625 26.1 

19 59 12,465 758 6.1  

Geometric Mean Surv iva l  = 17.9% 

1/ Data Sources: a . )  Ossiander,  1966 - 
b.) Tables  provided by DiCostanzo and Jaenicke ,  

Bureau of Commercial F i s h e r i e s ,  USFWS, Auke 
Bay, Alaska. 

2/ Inc ludes  2-ocean and 3-ocean f i s h  only.  Corrected f o r  high - 
s e a s  commercial ca tch .  

3/ Omitted a s  o u t l i e r .  - 



F i g w e  1 6 .  Kakxlek R i v e r  Red Salman Escapement - Srnolt Production R e l a t i o n s h i p ,  7954-62 

Escapement i n  thousands 

- - -  



Figure 1 7  . Naknek R i v e r  Red Salrnon Escapement - Relati-ve S m o l t  P r o d u c t j  orr R e i a t i c r i ? a i i i & ,  1954-62 

S 

Parent  Escapement in thousands  



BRANCH TALAGNAK) RIVER 

1966 Prediction: 391,000 

1966 Escapement Goal: 53,000 

1966 Escapement Range: 50,000-100,000 

Escapement-return data f o r  t he  period 1955-59 is  given below - 
i n  Table 1 . A s  shown i n  t h e  Appendix, t he  Branch River s tocks are har- ! vested i n  he Naknek-Kvichalc commercial f i sh ing  district. Since t h e  
Kvichak and Branch River runs a re  in tegra ted  as they pass through the  
f i shery  and because of t he  predominance of Kvichak fish, t h i s  d i s t r i c t  
must be managed primari ly f o r  t h e  ICvichak run. Therefore, Branch River 
f i s h  a r e  only harvested incidenta l ly  t o  the  Kvichalc run. The an t ic ipa ted  
harvest  r a t e  of 72.3% on the  Kvichak stocks ind ica tes  t h a t  approximately 
138,000 Branch River sockeye w i l l  be harvested while the  commercial catch 
is b e i ~ g  procured from the  Kvichak run. This leaves approximately 53,000 
f i s h  as escapement t o  t he  Branch River. 

Cursory examination of the  production data  of Table 12 indi -  
cates t h a t  optimum production will probably be r ea l i z ed  by escapements 
i n  t h e  range of 600,000-000,000 spawners. Escapements t o  this system 
have averaged 343,977 sockeye f o r  t h e  period 1957-65. Obtaining maximum 
production from t h i s  system w i l l  be extremely d i f f i c u l t  s ince these  stocks 
cannot be managed independently of t he  Kvlchd~ runs. 

Table 11 Branch River Red Salmon Escapement-Return ~at i&, 1955-60. 
Number o f  Fish i n  Thousands 

Brood Return Per 
Year Escapement Return Spawner 

L' Data source: Ossiander, 1966 - 



1966 Prediction: 3,175,000 

1966 Escapement God: 1,000,000 

1966 Escapement Range: 800,000-1,200,000 

The only data available f o r  the Egegik system i s  escapement- 
re tu rn  data  f o r  1944-58, Smo1t s tudies  o r ig ina l ly  begun i n  1955 were 
discontinued i n  1956 a f t e r  it was discovered t h a t  the  major por t ion of 
t h e  smolt migrate during spring break-up making it impossible t o  obtain 
a quant i ta t ive  index of outmigration, 

Escapement-return data from 1944-58 f o r  the  Egegik system i s  
given i n  Table 12 .  F i p e s  18 and 19 show the  production and r e l a t i v e  
production respectively p lo t t ed  against  escapement, No attempt was made 
t o  f i t  production curves t o  t h i s  data, It should be noted t h a t  two dif- 
f e r en t  l eve l s  of r e l a t i ve  production occurred - a low l e v e l  (1,Q -3.1 
re tu rn  per  spawner) f o r  the  years 1944-53, and a higher l e v e l  (4.5-6.4 L 

re tu rn  per spawner) f o r  t he  years 1954-58. This apparent difference i n  
r e l a t i v e  production may be r e l a t ed  t-o t he  fac t  t h a t  p r i o r  t o  1953, annual 
spawning population were est-5-mated on the  bas is  of a e r i a l  surveys of the  
spawning grounds, Over-estimating t he  escapements during the period 1944- 
52 would r e s u l t  i n  t h i s  apparent Lower rate of r e l a t i v e  production, This 
does not  explain tl-e l o w  productFon f o r  the  year 1953, 

M?hoagh re turns  are not  complete f o r  the  years 1959 and 1960, 
on the b a s h  of :l--~ziilabh da-La (.inshore re turns  and 1966 prediction) it 
appears t h a t  1953 w i l l .  f a ? l  i n  the range of l o w  r e l a t i ve  production while 
1960 w i l l  f a l l  i n  the hisher  rang? oC r e l a t i v e  production, with the  re tu rn  
from 1960 very probably equaling the re tu rn  from t h e  1956 brood year. If 
t h i s  i s  the  case, with the  1956 escapement of 1 , l m i l L i o n  and the  1960 
'escapement of 1 ,8  mil l ion spawners, t h i s  would indicate  a level ing off of 
production somewhere i n  the  range of 1-2 mil l ion spawners. 

Escapements t o  t h e  Egegik system have increased during t he  
pas t  seven years, From 1952 t o  1958 the  average escapement was 542,307, 
increasing t o  1,127,433 during the  l a s t  seven years, 1959-1965, 

Aerial  surveys of t he  major spawning areas i n  Becharoff Lalte 
during peak spawning have indicated t h a t  su f f i c i en t  sp awning'.a;.eas e x i s t  
f o r  spawning populations of a t  l e a s t  one mil l ion f i s h ,  

On the  bas i s  of the  above considerations and i n  view of the  
predicted re tu rn  of 3,175,000 the  1966 escapement goal  has been s e t  a t  
1 mil l ion with a range of 800,000-1,200,000. The above ~ r e d i c t i o n  and 
escapement goal would represent  a 68,576. allowable harvest of sockeye i n  
1966. 

Controlled ~scapement i n t o  t h e  Egegilc system i s  somewhat more 
d i f f i c u l t  due t o  the  absence of any bay where the  buildup of f i s h  may be 



detected and the  resu l tan t  speed with which the  f i s h  move through the  
small f i shing d i s t r i c t .  Immediate escapenent estimates can not be 
obtained from aerial.  surveys because of i-he t u r b i d  r i v e r  water which 
extends t o  j u s t  below the  ou t l e t  of  t h e  lake. O n  the  bas is  of t e s t  
fishing data, f i s h  passing through the  f ishery require 6-7 days t o  reach 
the  counting tower a t  the  ou t l e t  of Becharoff Lake. f n  s p i t e  of these  
d i f f i c u l t i e s ,  management has been able t o  obtain escapement goals with 
a r e l a t i ve ly  high degree of  success through the  use of  t e s t  f i sh ing  and 
continuaus a e r i a l  observations of t he  c iea r  water lagoon a t  the  lake ou t l e t ,  



Table 12.  Egegik River Red Salmon Escapement-Return ~ a t a k (  1 9  44-58 
(Number of  f i s h  i n  Tlllousands) 

Brood 
Year Escapement- 2/ Re t u r n  Return p e r  Spawner 

1/ Data Source: Ossiander, 1966 - 
4 .  

2 /  Methods of es t imat ing  escapement: A e r i a l  Survey, 1944-52 - 
Weir 1953-56 
Tower 1957-60 



f igure 18 .  Egeyik ,R"avcsr Red SaEron Escaper.rrent--Rcirur~~ Dpd.3, 1,944-,5 8 ,  

?'he l ines shown are merefy 
,tre:.~d lines . 
1953 2nd 1960 returns are not ccsmplete, 
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UGASHIK RIVER 

1966 Prediction: 1,230,000 

1966 Escapement Goal: 850,000 

1966 Escapement Range: 700,000-1,000,000 

Smolt s tudies  have been conducted on the  Ugashik system since 
1956, however, quant i ta t ive  estimates of the  outmigration were not 
obtained u n t i l  1958. For purposes of comparing production from each 
year, Table 13 shows smolts produced by brood year f o r  t h e  years 1955-62. 
The r e l a t i v e  production (i.e. smolts produced per spawner) f o r  each brood 
year i s  a l so  given. 

For t he  years 1955-62, a l l  escapements were l e s s  than 500,000 
with the  exception of 1960 when 2,304,200 sockeye were counted pas t  the  
tower. The general t rend  i n  the  Ugashik system is  f o r  increased production 
with increased escapement, however, t h e  1960 brood year does not follow 
t h e  same t rend as  the  smaller years. This i s  apparent when comparing 
r e l a t i v e  production by brood year as 1960 shows the  second lowest r e l a t i v e  
production f o r  t h i s  period. (The smallest escagement of 80,000 i n  1955 
r e f l e c t s  the  lowest r e l a t i ve  production), 

Analysis yielded a coeff ic ient  of determination r2 = 0.895 
indicat ing t h a t  83.5% of the sum of squared deviat iomof I n  S / E ~  i s  
explained by the  regression. The following equation is  used t o  describe 
t h e  smolt production of  the  Ugashik system: 

Figures 20 and 2 1  show the  corresponding curves f i t t e d  t o  the  production 
and r e l a t i v e  production data respectively. Assuning a marine survival  
r i t e  of 13.7% (cf Table 11.2) , an optimum escapement of approximately 1.40 
mil l ion spawners i s  indicated. 

Escapements t o  the  Ugashik system have been f a i r l y  consis tent  
from 1951-65. Average escapement during t h i s  period was 563,079 with 
only th ree  years being i n  the  range of 1 mil l ion o r  greater .  The years 
1953, 1960 and 1965 had escapements of 1,056,361, 2,341,400 and 996,612 
spawners respectively. Omitting these years r e s u l t s  i n  an average escape- 
ment o f  337,651 sockeye f o r  the  same period.. .. 

Only a very s l i g h t  t rend f o r  the  l a rger  smolt outmigrations 
t o  consis t  of smaller f i s h  and spawning ground surveys indicate  t h a t  
spawning grounds ra ther  than nursery po ten t ia l  may be the  fac tor  which 
l i m i t s  production i n  t h e  Ugashilc system. 

In  view of the  1966 predic t ion of 1,230,000 sockeye, the escape- 
ment goal  of 850,000 represents a 30.9% allowable harvest. This r e l a t i ve ly  
low ant ic ipated harvest  r a t e  r e f l e c t s  1) an attempt by the  managing agency 
t o  obtain l a rge r  escapements i n  this system which i n  recent years (with 



the  exceptior, of 1965) has received escapements somewhat less than t h a t  
desired, and 2) t h e  large catch ant ic ipated for  the Naknek-Kvichak dis-  
t r i c t  which w i l l  provide some r e l i e f  f o r  t he  ani-icipated l o w  harvest i n  
the  Ugashik d i s t r i c t .  Furthermore, there  a re  some indications t h a t  the  
1966 Ugashik run w i l l  be large2 than predicted, To date, the  2 .3  mill ion 
escapement i n  1960 has produced only 2.6 mil l ion salmon, i .e.  the  escape- 
ment has j u s t  barely reproduced i t s e l f .  Even i n  view of an ant ic ipated 
0.6 mil l ion re turn  of G3 f i s h  i n  1966, t h i s  would represent a r e l a t i v e  
production r a t e  of only 1.4 returning adul ts  per  spawner, Because of 
t h e  r e l a t i ve ly  large  smol-t outmigration i n  1963 (Age I1 smol t  from the 
1960 brood year) , the  fylce ne t s  may have become saturated,  t he  smolt 
outmigration under-estimated, and hence a somewhat minimum predic t ion 
of the  production of 63 f i s h  may have .resulted. 

Therefore, i f  the  re tu rn  is  stronger than anticipated,  addi- 
t i o n a l  harvest w i l l  be allowed. 



Tab le  13. Ugashik River  Red Salmon Srnolt Production+/ 1955-62 
Number o f  F i s h  i n  Thousands 

Brood 
Y e a r  

2/ 
1955- 

Escapement 

77 

425 

215 

2 80 

219 

2,304 

3 49 

255 

SmoLt s 
Produced 

1/ Data Source: L e t t e r  from Mike Nelson, 8/31/65. - 

Smelt Per  
Spawner 

2/ Age I smol t  from t h e  1955 brood yea r  e s t ima ted  on t h e  b a s i s  - 
of r e t u r n i n g  a d u l t s  and ave rage  marine s u r v i v a l .  



Table 14. Ugashik River Red Salmon Marine Survival+' 1958-62 
Number of Fish in Thousands 

Year of 
Outmigration 

Number Adult 
2/ 

Per Cent 
of Smolt Return- Marine Survival 

Geometric ivlean Survival = 13.7 

1/ Data Sources: a.) Letter from Mike Nelson, 8/31/65. - 
be) Ossiander, 1966 

2/ Includes only 2-ocean and 3-ocean fish. Corrected for - 
high seas commercial catch. 



Figure 26. Uyashi.'k. R ive r  Red Salmon Escapemer~t -.. Smolt P r o d u c t  ior, 4e la t  honstzj.p, 152 55-62 

Parent Escapement i;i T" ousands 
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Figure!  2 1  . Ugashi.k R i v e r  R e d  Salmon R e l a t i v e  Produc t ion  Relationship, 1955- -42  



Table 15. 1966 Bris tol  Bay Red Salmon Escapement Goals by River System 

River System Prediction Escapement Goal Estimated Harvest Percent Harvest 

\\Jood River 2,416,000 900,050 1,516,000 
Igushik River 553,000 200,050 3 53,000 
Muyakuk River 241,000 150,000 91,000 
Snalce River 11,000 11,000 0 
Nushagdc 6r Mulchatna 47,000 20,000 27,000 

T o t a l  Nushagak 3,268,000 1,281,000 1,987,000 60.8 

Togiak River 313,000 120,000 19 3,000 61.7 
Togiak Tribut r ieg  30,000 f/ 15,000 15,000 50.0 
KulAak River- 10,000 5,000 5,000 50.0 

T o t a l  Togiak 353,000 140,005 213,000 60.3 

Kvichak River 21,638,000 6,000,000 15,638,000 72.3 
Branch River 191,000 153,000 13S,OOO 72.3 
Ndcnek River 1,667,000 800,000 1,067,000 57.2 

T o t a l  Nalcnek- 
Kvichak 23,696,000 6,853,000 16,Z~L3,000 

Egegik River 3,175,000 1,000,000 2,175,000 68.5 

Ugashik River 1,230,000 850,000 3C0,OOO 30.9 

T o t a l  Br i s to l  Bay 31,722,000 10,124,000 21,595,000 

1/ These predictions are based on average returns t o  these systems. - 
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For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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